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SUMMARY

A non-Tinear mathematical model of the UH-60A BLACK HAWK helicopter has ‘
been developed under Contract MNAS2-10626. This mathematical model, which

is based on the Sikorsky General Helicopter (Gen Hel) Flight Dynamics

Simulation, provides the Army with an engineering simulation for Performance

and Handling Qualities evaluations. Initially it will be app11ed in an

anaiysis mode with eventual app11cat1on to real time p11ot in-the-loop

simulation, . ;

:This mathematical model is a total systems definition of the 3LACK HAWK
helicopter represented at a uniform level of sophistication considered
necessary for Handling Qualities evaluations. The model is a total force,
large angle representation in six rigid body degrees of freedom. Rotor
blade flapping, lagging and hub rotational degrees of freedom are also
represented. In addition to the basic he11copter modules, supportive
modules have been defined for the landing interface, power unit, ground
effects and gust penetration. Information defining the cockpit environment
relevant to pilot-in-the-loop simulation is presented. This same model was
activated on Sikorsky's DEC PDP KL10 computer to generate check cases for
use during the validation of the simulation at NASA.

Volume I of this report defines the mathematical model using a modular -
format. The documentation of each module is self-contained and includes
-a description, mathematical definition and input for the BLACK HAWK.
Volume II provides background and descriptive information supportive to
an understanding of the mathematical model.
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AY G

This report is Volume I of two volumes, which document the
mathematical model of the UH-60A BLACK HAWK helicopter. This
work was funded under Contract NAS2-10626 by the U.S. Army
Research and Technology Laboratories (AYRADCOM) Ames Research
Center.

The objective of this contract was to provide the Army and

NASA with a well documented, operational and verified engineering
simulation of the BLACK HAWK helicopter. This work, undertaken
by Sikorsky, provides the Army with a flying qualities analysis
methodology for the BLACK HAWK helicopter which could eventually
be extended to a real time pilot-in-loop simutation. The
mathematical model provided under this contract is a tetal
system, free flight representation based on the Sikorsky

General Helicopter (Gen Hel) Flight Dynamics simulation. It

is defined at a uniform level of sophistication currently
considered appropriate for handling qualities evaluations.

This model is also considered to give representative performance
trends, but should not be used to define critical performance
characteristics. The modular format presented facilitates the
introduction of additional or more sophisticated modules.

Volume I of this report documents the basic BLACK HAWK mathematical
model, and in addition, defines supportive routines developed

by Sikorsky under this contract. These routines include a

landing interface, power unit, ground effects and rotor gust
penetration models. Presented in this volume is an Overview

of the Simulation Model, Section 3, followed by a Description

of the BLACK HAWK helicopter in Section 4. Section 5 contains

the documentation of the Simulation modules. Each of the

module definitions is segregated with its own Table of Contents.
Section 6 contains information defining the BLACK HAWK cockpit
relevant to piiot-in-the-loop simulation. ‘A single copy

Appendix to Volume I, containing extensive program verification
data generated from a similar model on the Sikorsky Simulation
Facility, provides NASA and Sikorsky with the necessary information
for validating the BLACK HAWK helicopter simulation on the

Ames Simulation facility.

Volume Il of this report documents,the derivation of the
equations, the assumptions inherent in the model and provides

supportive discussion to aid in the understanding of the
mathematical model.
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The mathematical model of BLACK HAWK provided under this
contract is based on the Sikorsky General Helicopter (Gen Hel)
Flight Dynamics Simulation. This model is a generalized,
modularized analytical representation of a total helicopter
system. It normally operates in the time domain and allows
the simulation of any steady or maneuvering flight condition
which can be experienced by a pilot.

The overall structure of the model is presented on figures 3.1
and 3.2 in functional and block diagram format respectively.

The solution in terms of aircraft motion is obtained iteratively
by summing the component forces and moments acting at the
aircraft's center of gravity and subsequently obtaining the

body axes accelerations. Resulting velocities and displacements
then condition the environment for the components on the next
pass through the program. The datum axes system used are a

set of right coordinate body axes with the origin at the
fuselage center of gravity. The X axis points towards the

nose of the aircraft and is parallel to the center line of the
aircraft. A1l calculations are related to this axis system.

The final aircraft motion is transferred into earth axes for
simulator, VFR display and instrumentation drives. The mathematical
module defining the equatio~. of motion are presented in

Section 5.10.

The basic model is a total force, non-linear, large angle
representation in six rigid body degrees of freedom. In
addition, rotor rigid blade flappiing, lagging and hub rotational
degrees of freedom ara represented. The latter degree of
freedom is coupled to the engine and fuel control. Motion in
the lag degree of freedom is resisted by a non-linear lag
damper model.

The total rotor forces and moments are developed frem a combination
of the aerodynamic, mas; and inertia loads acting on each
simulated blade. The rator aerodynamics are developed using a
blade element approach. The angle of attack and dynamic

pressure on individual blade segments are determined from the
three orthogonal velocity components. These arise as a result

of airframe motion, rotor speed, blade motion and downwash
resulting from the generation of thrust. In the latter case,
which represents the air mass degree of freedom, a uniform
downwash is derived from momentum considerations, passed

through a first order lag, and then distributed first harmonically
as a function of rotor wake skew angle and the aerodynamic hub
moment. Finally, blade geometric pitch is summed with the

inflow angle of attack to obtain the total angle of attack at

the blade segment. The full angle of attack range for blade
aerodynamics is represented as a function of Mach number,
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Blade inertia, mass and weight effects are fully accounted for

; and their resulting loads, dependent on blade and aircraft A
: motion, are added to the aerodynamic loads for each blade. -
f This summation gives the shear loads on the blade root hinge :

: pins. Total rotor forces are obtained by summing all the :
3 blade hinge pin shears with regard to azimuth. Rotor moments

: result from the offset of the hinge shears from the center of

E the shaft. Blade flapping and lagging motion is determined

i from aerodynamic and inertia moments about the hinge pins.

é During one pass through the program all segments and all

i simulated blades are computed. If because of execution time

! considerations the simulated number of blades are not made

equal to the actual number, then they are redistributed in

azimuth accordingly. The mathematical module defining the

rotor is presented in Section 5.1.

The fuselage is defined by six component aerodynamic character-
istics which are loaded from wind tunnel data which have been
extend analytically to large angles. The angle of attack at

the fuselage is developed from the free stream plus interference
effects from the rotor. These interference effects are based

on rotor loading and rotor wake skew angle. Local velocity
effects are not accounted for. The mathematical module defining
the fuselage is presented in Section 5.2.
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The aerodynamics of the empennage are treated separately from

the forward airframe. This separate formulation allows good

definition of non-linear tail characteristics that would i
otherwise be lost in the simplifications of multivariate total
aircraft maps. With this approach, changes to the empennage
can be made without relocading basic airframe maps. The angles
of attack at the empennage are developed from the free stream
velocity, plus rotor wash and airframe wash. Dynamic pressure
effects from the airframe are accounted for by factoring the
free stream velocity component. By necessi.y the wash and
dynamic pressure effects are averaged over the stabilizing
surfaces. The tail rotor is represented by the linearised
closed form Bailey theory solution. Terms in tip speed ratio )
greater than _z¢ squared have been eliminated. The airflow
encounted by the tail rotor is developed in the same manner as
the empennage. An empirical blockage factor, due to the
proximity of the vertical tail, is applied to the thrust
output. The mathematical modules defining the Empennage and

) tail rotor are presented in Sections 5.3 and 5.4 respectively.
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The flight control system for BLACK HAWK presented in this

model covers the primary mechanical flight control sytem and K
the Automatic Flight Control System (AFCS). The latter incorporates :
the Stability Augmentation System (SAS), the Pitch Bias Actuator

(PBA), the Flight Path Stabilization (FPS) and the Stabilator ,
mechanization. These automatic control functions collectively *
enhapce the stability and control characteristics of the BLACK

HAWK. The analytical dxfinition of the control system given

in Section 5.5 incorporates the Sensors, shaping networks, :
logic switching, authority 1imits and actuators. Some of .
these components have wide band-widths which are beyond the
frequencies normally associated with piloted simulation. They
trave been included for completeness and accuracy in analytical
evaluations. The model provided represents the control system
in a complete manner eéxcept for the FPS. In this case only
the attitude hold and turn features have been defined.

The engine/fuel control model provided with this simualtion is

a linearized representation with coefficients which vary as 2

function of engine operating condition. The model adequately

provides for closing the rotor shaft speed loop throughout the *
normal operating envelope of the helicopter. However, maneuvers

which result in significant rotor speed excursions may result

in discrepancies in the simulation. This engine module should

not be used for engine performance evalua..on. The modular

formulation does however, facilitates the introduction of a

sophisticated model if necessary at a later time. The interface i
of the engine with the rotor module, shown on Figure 3.3, is '
via the rotor clutch. This is programmed to disengage the

rotor shaft from the engine if rotor required torque drcps

below zero. Under these circumstances, the engine speed

feedback to the fuel control will cause the engine to seek an

operating condition dictated by the control. The clutch will

reengage when the rotor speed drops below power turbine speed.

The engine fuel control equations are presented in Section
5.86.

The landing interface module, Section 5.7, allows for ground
contact. It is a generalized representation consisting of a
| landing gear force reaction model complete with all necessary
space/body gecmetry calculations to track a free helicopter
‘ during a landing onto level ground. The landing gear is

represented by separate non-linear tire and strut dynamic

characteristics. Tire in-ground-plane loads are developed as

a non-linear function of the tire deflection and normal load.

These forces are adjusted depending on the friction criteria

which determines tire skid properties at the ground plane.

The strut is simulated by an isentropic air spring and velocity

squared damper in parallel. The output loads from the three g
, landing gears are finally transferred to the center of gravity :
b where they are summed with other external forces and moments.
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Eé , Section 5.8 defines a simplified ground effects model. ODuring
{1 the development of this module it was evident that anything

more than a simple model based empirically on distance above

the ground plane, was beyond the scope ‘of this contract. The
model provided, adjusts the downwash at the rotor (and therefore
rotor loads) as a function of height above the ground plane

and forward speed (in terms of rotor wake skew angle).

The gust penetration routine documented in Section 5.9 provides
for a gust front passing across the rotor disc from any direction.
Behind the front, gust velocities are varied with distance

from the front. The variation can be prescribed by a choice

of several discrete velocity profiles or a continuous turbulence
form due to Dryden. Each rotor blade element and the aerodynamic
centers of fuselage and tajl components may be subjected to
horizontal and vertical gust velocities whose magnitude is a
function of the geometric distance from the traversing gust
front. Thus penetration or velocity distributional effects

are almost fully accounted for in the rotor simulation and are
adequately dealt with in the fuselage/tail model.
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Description of the BLACK HAWK Helicopter

The UH-GOA ELACK HAWK, shown in the figures 4.1 and 4.2, is a
utility trancport helicopter developed by Sikorsky for the Army
under the UTTAS program. This medium-sized helicopter is designed
to carry eleven combat-equipped troops and a crew of three. The
Basic Structura! Design Gross Weight is 16,825 1bs. with a maximum
Alternate Gress Weight of 20,250 pounds. Missions include: Troop
Assault, Aeromedical Evacuation, Aerial Recovery and Extended Range
Missions. The BLACK HAWK has a maximum level flight speed in excess
of 160 knots and a diving speed in excess of 170 knots.

The BLACK HAWK has a single main rotor and a canted tail rotor as
shown on the general arrangement drawing, figure 4.3. A list of
physical characteristics is given on Table 4.1. The main rotor
consists of four fully articulated titanium/fiberglass blades which
are retained by a flexible elastomeric bearing in a forged

titanium single piece hub and restrained in plane by a conventional
hydraulic lag damper. The 11.0 feet diameter four bladed tail rotor
is a bearing-less cross-beam arrangement with the shaft tilted 20
degrees upwards. Both rotors have an SC 1095 aerofoil section. The
aircraft is powered by two General Electric Company, T 700-GE-700

engines mounted on top of the cabin which together provide approximately

2,800 h.p. at normal continuous rating. These engines have Hamilton
Standard hydraulic, and General Electric Company electronic fuel
control components. The drive system consists of main, intermediate,
and tail gear boxes with interconnecting shafts.

The flight control system on the BLACK HAWK is a redundant hydro-
electrical-mechanical system. It includes three two stage main

rotor servos, a Stability Augmentation System (SAS), a Flight Path
Stability System (FPS), and a triple redundant hydraulic supply. The
horizontal tail rotates from a positive angle of about 40° in hover
up  to 2ero with increasing forward speed.

A summary of the mass properties characteristics is given on Table
4.2. Recommended overall longitudinal center of gravity limits are
given on figure 4.4,

A more comprehensive description of the BLACK HAWK helicopter is
given in References 4.1.1, 4.1.2, and 4.1.3.
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4.1 Referenceas

4.1.1  Flight International, Week Ending 25 February 1978, Article by
Mark Lambert.

4.1.2  U.s. Army UH-60A Helicopter Development Production Program. Prime
Item Development Specification (PIDS) DARCOM-CP-2222-S1000D Part I
October 15, 1979.

4.1.3 UH-60A Familiarization Training Course Manual - Sikorsky Training
Document.
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FIGURE 4.1
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UH-60A BLACK HAWK RECOMMENDED LONGITUDINAL CéNTER OF GRAVITY LIMITS
(DATA FROM SER-70288 PREPARED UNDER CONTRACT DAAJO1-77-C-0001(P6A)
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LIST OF PHYSICAL CHARACTERISTICS

BLACK HAWK
TABLE 4.1.
MAIN ROTOR
Diameter 53.67
Blades 4
Chord 1.75 ft.
Airfoil SC 1095
Blade’ Area 186.8 ft?
Solidity .0826
Tip Sweep 20 Deg.
Twist -18 Deg.
Shaft Angle 3 Deg.
TAIL RQOTOR
Diameter 11 ft.
Blades 4
Chord .81 ft.
Airfoil SC 1098
Biade Area 17.82 ft2
Solidity .1875
Twist -18 Deg.
Cant Angle 20 Deg.
HORIZONTAL STABILATOR
Span 14,38 ft.
Area 45 ft2
Root Chord 3.67 ft.
Tip Chord 2.54 ft.
Sweep (1C) G Deg.
)
Aspect Ratio 4.6
Airfoil NACA 0014
Incidence/Dihedral Q Deg.

A2 NEY. G

hd
>-D
(2]
mE~a

VERTICAL STABILIZER

Span

Area

Root Chord

Tip Chord

Sweep (1C)
4

Aspect Ratio
Airfoil

GENERAL

Overall Length
Fuselage Length
Wheel Tread
Wheel Base

SER 70452 {

8.167 ft.
32.3 ft2
6 ft.
2.83 ft. .
41 Deg.

1.92 |
NACA 0021 (Mod) <

64.83 ft.
50.06 ft.
8.88 ft.
28.93 ft.
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BLACK HAWK

TABLE 4.2. SUMMARY QF MASS PROPERTIES CHARACTERISTICS

CENTER OF MOMENT OF INERTIA
GRAVITY 2 |
POSITION [.b-In-Sec 1
CONDITION wElGHT | sTA | w b Ny 1L | |
Design Mission -~ Trcops 16000.9 | 358.0 | 251.0 {65550 | 47362¢ 442646 | 18886 l
. o |
Aeromedical Mission 15479.3 | 359.0 | 251.1 |64058 | 475389 441954 | 19510 |
Aerial Recovery Mission 20250.0 | 359.6 | 234.7 100200 | 50211¢ 430804 | 22130
Extended Range Mission 19193.7 | 352.5 | 245.1 | 74633 | 502044j 461813 | 28076

Basic Structural Design-Fwd. | 16330.9 | 345.7 |248.3] 71141 | 500923 465328 34144
Basic Structural Design-Aft 16330.9 | 360.2 | 249.5 | 68263 | 465774 432719 18268
Maximum Alternate GW-Fwd 20250.0 | 347.1 ) 244.4 | 79532 | 514803 479012 33850

Maximum Alternate GW-Aft 20250.0 | 360.2 | 245.1 | 77898 | 482147 447627 | 18408 .

(Data from SER-70288 Prepared Under Contract DAAJO1-77-C-0001(P6A)
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5.1.1

Module Description

The main rotor model is based on a blade element analysis in
which total rotor forces and moments are developed from a
combination of aerodynamic, mass and inertia loads acting on
each simulated blade. The blade segment set up option defined
for this Black Hawk model is that of equal annuli area swept
by the segment. This technigue allows the number of segments
to be minimized and distributes the segments towards the
higher dynamic pressure areas.

The total forces acting on the blade are derived from the

total acceleration and velocity components at the blade together
with control inputs. Accelerations develop from body motion

and blade motion. Velocity components are made up of body

velocities, gust velocities, the rotor's own downwash and
blade motion.

Before calculations at the blade segment can be executed

several axes transformations must be implemented. Initially
body axes angular and translational accelerations and velocities
are transferred to the rotor hub and rotated through the shaft
inclination angles i_ and i, into rotor shaft axes. These
angles with pesitive rotatiln of i_ about the Y, axis followed
by i, about the resulting XS axis 3re shown in Eigure 1.1,

The gody velocities are non*dimensionalized by rotor tip speed
(2r4&y) to conform with usual helicopter analysis practice.

Motion accruing from the rotor shaft degree of freedom is
derived from the engine module.

The rotor airmass degree of freedom is primarily based on a
uniform downwash distribution developed from rotor thrust by
application of momentum theory. This uniform downwash, which
is passed through a first order lag, is modified to account
for the changing distribution with forward speed and aerodynamic
pitching and roiling moment loading on the rotor. In the
first case the resulting uniform downwash is distributed Ist
harmonically around the azimuth as a cosine function depending
on the inclination of the rotor wake. The desirability of
including this first harmonic distribution, which results in

a uniform downwash at hover and a weighted distribution
towards the aft of the rotor disc at high speed, is discussed
in Reference 1.6.1. Since this effect is really dependent on
the resultant velocity vector a lateral velocity term is also
added. The desirability of adding a harmonic distribution of
downwash depending on aerodynamic rotor moments has not been
established for Black Hawk but the necessary equations are
incorporated for completeness.
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The remaining contribution to the velocities at the blade
segment s that due to blade motion. Blade flapping and
lagging velocities and angles are obtained by application of a
Fourier prediction technique, rather than direct integration

of acceleration. This approach is derived in Reference 1.6.2.
This method although simple has been shown to be stable and
accurate for the freaquencies of concern in helicopter stability
and control evaluations.

The blade segment total velocity components are developed in
three parts. Those independent of segment position, those
dependent on segment position and interference effects made up
of downwash and gust effects. The velocities at the blade
segments are obtained by transforming the fixed shaft vectors
into the rotating hub axes system, then transferring to the
blade hinge position, iransforming into blade span axes through
the Euler angles & (flapping) and & (lagging) and finally
transferring to the segment position on the blade. These
transformations are illustrated on figure 1.1.2. These total
velocity components are subsequently used to calculate the
resultant velncity, local Mach number, yawed angle of attack
and flow yaw anglie. It should be noted that the radial component
of velocity is ommitted in calculating the Mach Number which

is used in the aerodynamic map look-up. Reference 1.6.3,

which describes the use of simple sweep theory, indicates that
Mach Number should be based on the unyawed component of flow.

The total local segment angle of attack on the blade is made

up of the blade local pitch angle and the yawed angie of

attack at the segment. The former is made up of the contrecl
impressed pitch (collective 6 , cyclic Ay, B;o), pitch/flap
coupling (§,), pitch/lag couSHEﬁg (.{1), p%éfor&éd blade

twist and a aynam1c component of blade twist due to torsional
elastic deformation. This emperical dynamic component is
prescribed harmonically based on blade lcading. The yawed
angle of attack is complicated by the requirement to resolve
blade pitch into the local stream direction as shown in Figure
1.1.3. The resulting equation assumes the series approximation
for the tangent of blade pitch.
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- The treatment of the blade segment aerodynamic force calculation y
N is completely non-linear. Lift and drag characteristics are
provided for the range -180< &X < 180. Bivariate maps as a
function of angle of attack and Mach Number are used in the
range =30 o < +30 allowing good definition of blade stall. <
The complete coverage of angle of attack allows good definition

of aerodynamic characteristics on the retreating blade side of

the disc. This is important at high advance ratios. The

blade sagment 1ift coefficient is determined by applying

s1mp1e sweep theory to the unyawed blade aerodynamic data.

This is rigorously applied in-‘the linear 1ift range where the

entry to the unyawed 1ift coefficient is transfovmed by the

cosine of the yaw angle (i.e. & C0SY ) and the

entry Mach Number is a function S$ %ﬁe unyxwed component of

flow. At higher angles of attack some 1iberties are taken ;
where sweep theory is not valid. These steps are taken to : !
aviod discontinuities in blade 1ift data as the blade proceeds
around the azimuth. Discontinuities can result in an unstable
flapping and lagging solution. The appiication of sweep

theory to the determination of drag is not well established.

For this model, drag is determined by enter1ng the drag map

data with the actua] yawed angle of attack. A

A development of sweep _theory can be found in Reflﬁ Hée

Sikorsky evaluations of this theory, as applied to rotors are
documented in Reference 1.6.4. '1.e map entry legic is deve]oped
in the equations. It should be noted that a tip loss factor

is applied to the tip segment. Univariate and bivariate maps

of blade 1ift and drag coefficients as a function of o NS
and Mach Number are given in Section 5.1.5. The aerodyngﬁe
segmental loads are resolved from local wind axes intc blade
span axes and summed along each blade to obtain root shears at
the hinge. These forces are subsequently transformed into
rotating shaft axes. It should be noted that & and é? are
Euler angles and order of treatment must be observed. The
aerodynamic moments used in the flapping and lagging motion
equations are calculated at this point in the flow. Also, it

is convenient to develop the aerodynamic feedbacks for the :
rotor downwash calculation at this time.
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The blade inplane or lagging motion is restrained by a damper
system. In the case of Black Hawk the damper is non-linear
and the kinematics of this system are complicated bv geometry.
A generalized representation is utiiized as presented on
Figure 1.1.4. Essentially the relative positions of the pick-
ups of the damper on the hub and blade are tracked. From
these valuzs an axial velocity is determined. This velocity
is used to enter the map data presented in Section 5.1.5. The
output of this map, which is an axial force, is multiplied by
the instantaneous moment arm to obtain the damper moment about
the hinge. Although flapping restraint equations are included
they will not be activated for Black Hawk.

The contributions to the lagging and flapping motion about the
hinge are the aerodynamic moments, the hinge restraint moments

and the inertia moments. The aerodynamic and hinge restraint
components have been previously discussed. The jnertia components
have been explicitly introduced into the flapping and lagging
equations of motion. It should be noted that lagging motion

takes place in an intermediate set of blade span axes because

of the definition of the Euler angles. Alsc small terms have

been eiiminated from these equations. A software provision to
inhibit the lagging degree of freedom has been incorporated.

Before the final shear forces and hub moments can be developed
it is necessary to calculate the inertia shear loading on the
hinge pins. Again small terms have been eliminated. Subsequent
to these calculations the three component total shears at the
hinge are determined and the total rotor forces in fixed shaft
axes at the hub center developed. The rotor hub moments

result from a combination of the shear forces at the hinge

pins and moments from the blade hinge restraint. An arithmetic
manipulation of the equations is introduced on these final
equations which allow the simulated blades to be different

from the actual number. This artifice is intended for use in
piloted simulation where computer execution time is critical.
With the lagging degree of freedom operating, the major portion
of rotor torque is developed through the lag damper. Therefore,
if lagging degree of freedom is selected out, an alternative
equation containing the aerodynamic moment must be introduced

as specified. ' :
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The oscillating nature of the rotor forces and moments make it
expedient to filter the outputs under some circumstances. A
simple first order filter is used. The final rotor forces and
mements are obtained by transforming the filtered shaft axes
farces and moments into body "axes with the origin at the
center of gravity. These are eventually summed with other
companent qutputs to give the total external forces and moments
st the center of gravity.

i
It i necessary to make provisign in these final rotor outputs
for the option of selecting to run with the engine module in
or out. If the engine is selected out, perfect rotor speed
governing is assummed and the shaft torgue reaction on the
airframe is assummed equal to rotor requirec torque. If the
engine module is activated then its output torque is introduced
into the airframe.

Finally, the rotor wake skew angle is determined. This is the
angle that the center line of the rotor wake makes with the
rotor shaft. It is the dependent parameter used to establish
the variation of rotor wash on the fuselage, wing and tail.

The sequencing of the program flow in the main rotor is critical
and should follow the equation flow in Section 5.1.2.

t
[ A block diagram of the Main Rotor Module is given on figure

' 1.1.5. A1l input data for the Rlack Hawk Main Rotor is specified
I' in Section 5.1.5.
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5.1.4 NOTATION FOR THE MAIN ROTOR MODULE
SYMBOL
USED I PROGRAM
EQUATICNS MNEMONIC UNITS DESCRIPTION
> (I8 - INDEX Indicating 1...NBS blades simulated
(IS) - INDEX -Indicating 1...NSS segments/blade
) simulated
X (1) - INDEX Indicating 1...(NBS-1)NSS blade
g segments
; e QFSTMR FT Blade hinge offset from center
é of rotation
5 : SPRLMR FT Spar length exposed
Ry RMR FT Rotor radius
= ST OMGTMR RADS/SEC Rotor nominal input rotational
3 speed
g Eg KSGMR ND Normalized offset
: J?' - ND Normalized spar length.
? Y, KMRBK]1 ND Distance from hinge to segment
g- (15) midpoint
§ CY - FT Segment chard
f ¢, (18 CHDTMR FT Blade top chord
g Cq CHDRMR FT Blade root chord
3 Sy - Fr Blade segment area
(15)
WEIGHT WEIGHT L8 Total helicopter weight
o BMR Number of rotor blades
wb WTBDOMR LB Weight of aJne blade
wbd WTBOD LB Weight of helicopter less blades
FSCG FSCG INS l Total helicopter c.g. position
NLCG WLCG INS
FSCGB FSCGB INS C.G. position less rotor blades
WLCGB WLCGB INS l
5.1-39
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5.1.4 (Cont.d) NOTATION FOR THE MAIN ROTOR MODULE

W e SR e, B it SRR, - 2N bl I -

SYMBOL

USED IN PROGRAM :

EQUATIONS MNEMONIC UNITS DESCRIPTION

FSMR FSMR INS Fuselage station for the main rotor

WLMR WLMR INS Waterline station for the main rotor

Voo VXBDOT Fr/ssci Accel. along X-axis

be VYBDOT FT/SEC2 Accel. along Y-axis

Yzb VZBDOT FT/SEC ) Accel. along Z-axis

P PDOT RADS/SEC™ | Angular accel about X-axis

é QbaT RADS/SEC2 Angular accel about Y-axis

} RDOT RADS/SEC2 Angular accel about Z-axis

be VXB FT/SEC Vel. along X-axis

Vyb VYB FT/SEC Vel. along Y-axis

VZb VZB FT/SEC - IVel. along Z-axis

P P RADS/SEC Angular rate about X-axis

q Q RADS/SEC Angular rate ibout Y-axis

r R RADS/SEC Angular rate about Z-axis

Xy - FT Longitudinal rotor arm
! YH - FT Lateral rotor arm
[ Z, - FT Vertical rotor amm
E eb THETAB OEG Pitch attitude
E ﬁb PHIB DEG Roll attitude _ :
: 2 PSIB ~ DEG Heading |
E g, - FT/SECi Gravity vectors '
E 9y - FT/SEC2 f
i 9, - FT/SEC

Vye Uy FT/SEC Point gust velocities. For

VYG VYG FT/SEC #gi :genigugt penetration is .

quired.
VZG VZG FT/SEC b
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5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL

USED IN PROGRAM

EQUATIONS . MNEMONIC UNITS DESCRIPTION
/{AXH MUXHMR ND Hub velocities - normalized
/“’YH MUYHMR ND
My MUZHMR ND
A s MUXSMR ND Shaft velocities - normalized
Ays MUYSMR ND
M s MUZSMR ND

PS PSMR RADS/SEC Shaft angular rates

dg QSMR RADS/SEC

RS RSMR RADS/SEC

és PS.MR RADS/SEC2 Shaft angular acceleration

as 05.MR RADS/SEC?

s RS. MR RADS/SEC?

Vo VXH.MR FT/SEC® | Hub accelerations

Vo VYH.MR F1/sec?

Vo VZH.MR FT/sEC?

Vyo VXS.MR FT/SEC® | Shaft accelerations

Vo VYS. MR FT/sEC?

Ve VZS.MR FT/EC?

6.1 omg .m& RADS/'SEC2 Rotor shaft acceleration

&) _ onGmL RADS/SEC Rotor shaft speed

S2r 0M§7'/v),€ RADS/SEC Rotor shaft datum speed

5.1-21

SA 29 REY. G

——

PAGE’

P X ) a0 T B - o e i A E————
e s S

R 2




ORIGINAL P2 4E 10
OF POCR QUALTTY
SIKORSKY '
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5.1.4 (Cont'd) NOTATION.FOR THE MAIN ROTOR MODULE

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
- OMR.MR ND Rotor shaft acceleration ratio
- OMRMR - ND Rotor shaft speed ratio
Yn PSIMR DEG Rotor azimuth position
pei BRMR RADS Flapping angle
4 BR.MR RADS/SEC  Flapping rate
V] BR. .MR RADS/SEC®  Flapping acceleration
S LGMR RADS Lagging angle
g LG.MR  RADS/SEC . Lagging rate
2;' LG..MR RADS/SEC2 Lagging acceleration
AAOF AQFMR DEG Steady flapping (coning)
AA]F ATFMR DEG Long. first harmonic flapping
BBIF B1FMR DEG Lateral first harmonic flapping i
AAOL AOLMR DEG Steady lagging
AA]L ATLMR DEG Long. first harmonic lagging
BB]L B1LMR DEG Lgteral first harmonic lagging
//é{TOT UTOTMR ND Total velocity component at
the rotor -
KTX K1XMR ND Longitudinal Glauert inflow ‘actor
Kyy KTYMR ND Lateral Glauert inflow factor ;
Tua THAMR LB Aerodynamic component of thrust i
MHA MHAMR FT LB Aerodynamic component of pitching }
moment :
LHA LHAMR FT LB Aerodynamic component of rolling |
moment
7/ RHO SLUGS/FT  Air density
CTA CTHAMR Thrust coefficient
Coma CMHAMR - Pitching moment coefficient L
CLHA CLHAMR Ro1ling moment coefficient ]
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5.1.4 {Cont'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
KCT KCTMR ND Gain factors on harmonjc inflow
KCM KCMMR ND
L Ksy - KSLMR ND
- TDWO TDWOMR Time factors on harmonic inflow |
. - Touc TDWCMR
; TDws TDWSMR _ :
E‘ Dwo DWSHMR 1/RADS Uniform component of downwash at
3 the rotor disk
?- ch OWCMR 1/RADS Cosine component of downwash
3 Ous OWSMR 1/RADS Sine component of downwash
? UPDMRI UPDMR 1/RADS Total components of downwash i
é UromRI UTDMR 1/RADS in blade span axes
E URDMR] URDMR 1/RADS
4 A LAMBMR . 1/RADS  Total normal rotor inflow velocity
E ,/ﬁbAVMR VGAVMR 1/RADS  Average gust velocity-used with
i' gust penetration routine.
- Un1MR] UPIMRI 1/RADS Total segment interference ;
?: Urinrl UTIMRI 1/RADS velocities in blades span axes ;
E URIMRI URIMRI 1/RADS ' ‘
o UpGMRI UPGMRI 1/RADS Gust penetration components at the {
UTGMRI . UTGMRI 1/RADS blade segment in blade span axes. 3
URGMRI URGMRI 1/RADS
UPWMRI UPWMRI
UTWMRI UTWMRI 1/RADS Airframe upwash components ,
URNMRI URWMRI ;
5.1-43
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AIRCRAFT FEEINOLOGIES 5 oF pO0OR QUALYT gocument vo.  SER 70452
5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTOR MODULE
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
' UPAMR UPAMR t 1/RADS Blade segment total velocity
é UPBMR UPBMR 1/RADS components in blade span
Up UPMR 1/RADS | axes.
U AMR UTAMR 1/RADS
UTBMR _ UTBMR 1/RADS
UT' UTMR 1/RADS
URAMR URAMR 1/RADS
URBMR URBMR 1/RADS
Up URMR 1/RADS
UY UYAWMR 1/RADS Total flow component at the
blade segment
MacHMR “MACHMR Blade segment Mach Number.
a VSOUND FT/SEC Speed of sound
cos ¥ CSGMMR Cosine of segment flow skew angle
O curr THETA@ DEG Collective blade pitch |
A]S A1S DEG Lateral cyclic blade pitch
B]S B1S DEG Longitudinal cyclic blade pitch
zj sp DELSMR DEG Swashplate phase angle
S 3 DEL3MR DEG Hinge angle-Pitch/Flap coupling
K 1 KAFTMR Hinge angle coefficients -
K 2 KAF2MR Pitch/Lag coupling
. THOANR THPAMR DEG Geometric blade pitch angle
i FPDYMR FPDOYMR L8 Resultant force at blade root
i bs NBSMR Number of blades simulated
- NSSMR Number of segments simulated
Fpo FPOMR LB Harmonic components qf the
ch FPCMR LB blade resultant force
Fps FPSMR LB
5.1-44
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NOTATION FOR THE MAIN RQTOR MODULE

REY, 6

SYMBOL

USED IN PROGRAM

EQUATIONS MNEMONIC UNITS DESCRIPTION

MODESP - Equivalent blade first torsional mode

KFPO KFPOMR Harmonic weighting coefficients

KFPC KFPCMR for blade torsional wind-up.

KFPS KFPSMR

THDYMR THOYMR DEG Blade segment torsional deflection

91, DEG Actual blade segment geometric pitch
Xy AFYWMR 0EG Blade segment angle of attack

ACL]MR ACLIMR DEG Angle of attack break points

ACLZMR ACL2MR DEG for 1ift curve.

ACL3MR ACL3MR DEG

ACL4MR ACL4AMR DEG
c“TRANS AFTFMR DEG Transformed angle of attack for map ent:y

CLY CLMR - Blade segment 1ift coefficient

CBY CDMR - Blade segment drag coefficient

BTLMR BTLMR - Blade tip 1ift loss factor

ACDMR DCDMR Profile drag correction

FP FPMR LB Segment aero forces

FT FTMR LB

FR FRMR LB

pr FPBMR LB Blade aero forces - blade span axis

FTb FTBMR LB

FRb FRBMR LB

FXA FXAMR LB Blade aero forces-shaft rotating axis

FYA FYAMR LB

Fan FZAMR LB

5.1-45
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5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
FXI FXIMR LB Blade inertial forces-shaft rotating axis

FYI FYIMR - LB

FZI FZIMR LB

FXT FXTMR LB Blade total forces-shaft rotating axis

FYT FYTMR LB

FZT FZTMR . LB .
MFAB MFABMR FT LB Aero moments about hinge-blade span axis
MLAB - MLABMR FT LB
THA THAMR LB Aerodynamic component of thrust force
MHA MHAMR FT LB Aerodynamic component of pitching moment

LHA LHAMR FT LB Aerodynamic component'of rolling moment
ALDMR ALDMR INS Input constants defining the f
BLDMR BLCMR INS geometry of the lag damper

CLDMR CLDMR INS kinematics

DLDMR DLDOMR INS
RLDMR RLDMR INS

GGEOMR THLDMR DEG i

o LAGCMR OEG ?
XLDMR XLDOMR INS Component displacemnet of lag damper !
Y LOMR YLDMR INS (relative pick up points) !
ZLDMR ZLDMR INS _ ;
LDT : LDMR INS Axial displacement of lag damper ]
LbT LD.MR INS/SEC Axial rate of lag damper

Fé FLD.MR LB Axial force output from lag damper.

MFFD MFFDMR FT L8 Flapping moment due to flap damper ‘
MFLD MFLDMR FT LB Flapping moment due to lag damper |
MLLD MLLDMR FT LB Lagging moment due to lag damper :
MLFD MLFDMR FT LB Lagging moment due to flap damper

5.1-46
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5.1.4 (Cont'd) NOTATION FOR THE MAIN ROTQR MODULE
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
ALHBC DLHBMR FT LB Delta moments at hub due %o
AMHBC DMHBMR FT LB blade constraints.
ARee DNHBMR FT LB -
59 ’ KBETA FT LB/RADS Flapping spring stiffness
K& KBETA. FT LB/RAD/SEC Flapping damper rate
Mb MBMR SLUGS FT Ist mass moment of blade about
" the hinge
Ib IBMR SLUGS FT2 Inertia of blade about the hinge
Nb WTBDMR LB Weight of one blade
HH HHMR LB Total force compenent outputs from
JH JHMR LB the rotor in shaft axes at the hub
TH THMR LB
LH LHMR FT LB Total moment component outputs
MH MHMR FT LB from the rotor in shaft axes at
QH _ QHMR FT LB the hub
HHB : HHBMR LB Filtered rotor forces and
JHB JHBMR LB moments in shaft axes at the hub.
THB THBMR LB
LHB LHBMR FT LB
MHB MHBMR - FT LB
QHB QHBMR FT LB
TFILMR TFILMR SEC Rotor force and moment filter
time constant
QE QHEG Fr 1B Engine torque - supplied by engine
module if selected.
5.1-47
PAGE’

SA 23 REY. G

POPRPr S RPT P

= - - -




»

v R wRe T T T Tmm e

SIKORSKY /2
AIRCRAFT

5.1.4 (Cont'd)

UNRITED
TECHNOLOGIES -

pt
oF POOR Q

F .’f\"\ i"-"* .‘

pocusent no.  OER 70452

NOTATION FOR THE MAIN ROTOR MODULE

SYMBOL .
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
XMR XMR LB Rotor forces and moments in body
Yur YMR LB axes at the fuselage c.g.
ZMR ZMR LB
Lur LMR FT LB
MMR MMR FT LB
NMR NMR FT LB
i)(PMR CHIPMR DEG Rotor wake skew angle
HPMR HPMR HP Horsepower required by rotar.
CTAr' CTSGMR Rotor shaft axes force and moment
CH/;— CHSEGMR coefficients (output only).
CJ/‘_ CJSGMR o
CM&r CMSGMR
CLA;‘ CLSGMR
CQ/;— CQSGMR
5.1-43
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S D LRACKH Lonik AN Rorol AT DATH

CoMSTHNTS

A = 2683 Fome = TR
_527. = o0 - Vi = 5.0

O = 4 | e = O

é',s = O ' Aome = 237

le = T3 biome » FA42

dsy = —49.7 Ciome = /2.040

S = 13 - Deomeg = /0. O

ce = /73 Koot = &-598
5.75 = /]3 ol = +/7 48

e >~ ' 9;: = 7

e = 3283 Toume = *3secs
W = R56.9 /(% = o .

My = &7 Kegs = O

-Z-b = /572, 6 NES = &

é‘me = ‘?7 : ASS = 5 )
JCM‘ = ‘o2 . 5_3 = 0 !

K/s = o .
Ki = ®) Aj,_-/a = ~ 2003~ (oaooooyy)( Vier -/oo)
kf:, = 0 ~ 100052 £ Azg, < —- 0003
Az = o

Aer = /e O ﬁ’é‘/?/ﬂ" 2 /66358.0
Kemy = o FSCGE = JF55.9

Kee = 0 WLEG = 8.

72wo = ‘01033 sLce- = o

Towe = O

7oWS = o

/ = ‘902378
aa = /1170
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BLACK HAWK BLADE TWIST INPUT

MAP NAME:

MAP TYPE:

INPUT YRRIABLE ()
QUTPUT VARIABLEL:

PRIMARY MHP:

§, 00

THMAMP
UYR

THSTMA

XSEGMA

.00 ame LKin
1.00 WP LT
.05 oo

R o B

S QU N . S

.00

THSTHR

RENRARRARSEEN
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~3.00
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BLACK HAWK MAIN ROTOR BLADE SECTION LIFT COEFFICIENT - AIRFOIL SC 1095 ‘

BLACKHAWK - NASA STUDY 26-SEP-80 CLMRMP  (1/2)

MAP NAME: CLMAMP K
MAP TYPE: BIVUVR |
INPUT VARIRBLE (S): ARFTFMA MACHMAR wom
OUTPUT VRRIABLE: CLMR *
PRIMARY MAP: . :::
-32.00 amexumn 0,00 * um
32.00 W L 1.00 * ww !
2.00 anr 0.10 * um :
* .m
SECONDARRY MARP: ¢ om
-180.00 o LN ' uam
180.00 e LT * um
2.00 o™ P L
. — -
~ 1' i I : ' ! !
" e —
N‘ t 1 X 1 i ; i i
| i | s i ! !
H I P H i
[~ — —pn : | i ]
k - — — ' 4 :
- + . § i ?
o 1 N - T ! T ! ;
~. i v v i ;

443
!
{

-\
23 A\ SR A
-
(&S] o——
g D
|
. e ;
» - i e !
. '

=) - . e !
- o __
t - ——
T S S S S U
B e e e e L e e e e e
'-200.00 -160.90 -120.00 -80.00  -%0.00 _ 9.00 ¥0.00 80.00 120.00 160.60  200.00

AFTFMA

FIGURE 1.£.2(a)
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BLACK HAWK MAIN ROTOR BLADE SECTION LIFT COEFFICIENT - AIRFOIL SC 1095 (Cont'd)

k]

—r e - o
O-‘L.‘..;"n L b - ’
R ~ cm ey
(SRS~ AR FEL IR Y I

SER 70452

DOCUMENT NO.

26-SEP-80

BLACKHRHK - NRSA STUOY CLMANP (2/2)
=
~ ! i ! i i
- T — mm—
[ i '
g F
o~

1.60

.20

0.60

CLMR

[~
-
5 : 8
’
g 1
y
d
. (-]
J N -
i -
it ! i i )
! Lo - S i -
" - — —— — dm . m e e b —— . —— ! -——— b — __..
(-] N . i
‘; s m o Gmes Bl 4 s g g bomae-mmmp ¢ mhen s bares e o i . e mm m b ame e _,.-..._.?.__........_..!
00 a.on .00 ~16.00  -8.00 0,00 8.00 16.00 24.00 32.00 ¥g.00
AFTFMA
FIGURE 1.5.2(b)
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DOCUMENT NO.

SER 70452

BLACK HAWK MAIN ROTOR BLADE SECTION DRAG COEFFICIENT - AIRFQIL SC 1095

BLACKHRWK - NASA STUOY  26-SEP-80 COMANP  [1/2)
MAP NAME: COMRMP
MAP TYPE: BIVUVR
INPUT YRRIRBLE IS): ARFYWMR MACHMR o
OUTPUT YRRIABLE: COMR " o
¢ i
FRIMARY MAP;: . :;:
-32.00 emen uymn 0,00 ‘ am
32.00 wraaunn 1,00 * e
2.0Q an™ Q.10 ' om
* um
SECONDRRY MAP; . am
-180.00 wamn Umn * om
180.00 ao umn * om
2.00 ™ * Lm
8
- Bl i i T ; 1
- - ] ~ : ¥
| 1 ; i ' i
e ——]
" ’ ' ’ : .f T i
1y \ ! i ! i ! |
s =1 T
- @ * — E * A—
. 1 ! i ; i )
g - - ; a ; !
o~ y H N i o
| —+— S m—
1 | M H - 1 i
g = - . T T j
~ : ; . : | ! !
- = i ! ! : ’ i ;
=8 N : :
&« 77X ' :
f o N j
: e —
- ‘-./ X ‘
5 — T
E . i \ l
- ./ ..\_ et g e
— 1 . 4 N—
: =/
| g / .
_ |-
: o e e m — e e ey e e e g b o]
> . i V
: D) . :
3 Y7 4 D S SRS S S
d : Y SR O P S [,
' S . N S U O U W
; ©.200.00 -780.00 -<120.00 -80.00 -40.a0 _ 0.00 $0.00  80.06  120.00  1B0.00  208.00
; FYWMA
\ FIGURE 1.5.3(a)
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BLACK HAWK MAIN ROTOR BLADE SECTION DRAG_COEFFICIENT - AIRFOIL SC 1095 (Cont'd)

BLACKHANN - NASA STYDY  26-SEP-8Q COMRNP (2/2)

0.80

0,12

0.6%

0.56

o.us

.32

0.24

0 13

3
.
-
3
d
Y
A
¥,
-

8 - . '
240,00  -32.00 -:.00  -18,00  -4.00 9.00 8.00 15,30 4.00 32.00 40.00
AF TRMA

FIGURE 1.5.3(b)
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SIKORSKY V2
RIRCRAFT

BLACK HAWK MAIN ROTOR BLADE LAG DAMPER FORCE CHARACTERISTICS

BLACKHAWK - NASA STUQY 26-SEP-80 LOMAMP  (1/2)
MAP NAME: LOMAMP
MRP TYPRE: Uysuys

INPUT VARIABLE (S} : LO.MR
QUTPUT YARIABLE: FLO. MR

PRIMARY MAP:

r

-2. o LMT
2.00 arFr Lmn
0.1 an.™
SECONDRRY MAP:
-7.00 G unyp
7.00 arro LD
1.40 amm
-
g ' 1 . ' T -
i ] |
8 ; 7 7 ,
d : - - 7 T
- N i 1 i i
3 L : H
S : 1 i | T
: ] —— = ; '
= = | ! i
: ~ ; LI !
: o { {: |
. D. - i j - I: L
g 2 : 1 I il ;
: - ] ; '; r : ! |
i .| ] ' I
| 8 : — ? ! ;
S - ; . ) ‘ i ! ! !
; k=) . | - . I i
- Y | [ ! ; ]
] x - 4
. 8 | ; / . }
i xS ) ! t
= T ; RS —_
S [~ t ™ T I S
" - ' : . yi e ! i
tt. it : H ; r i )
' ' bon . : SR L ——
3 . , - [.—.__- ———— e — 4
Q‘»—~—-—o-;- ——— + - - - e — — e ———— e - m—
- ] ; : i
i : ' - L ——
g ! L ' i ! ' =
8l- --_F_;. NSRS U S
> B 4
' b v o a— e 4 e—— L . [P, . .........i
Qe b i e ————— L. R i ; _____j
g .‘___..__, . memam e mem mpom e fm F..- . ————— e ,. e f_“ ..J
) I A A AT S
8 —— ,_.__r. —— . .- . . .. F._.. ——— e b e e e
g e e e o o m—— oy
».
'-10.00  -3.0Q 2.a0 «.q9 .00 2.0 18.00
FIGURE 1.5.4(a)
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Q0CUMENT no.  SER 70432

BLACK HAWK MAIN ROTOR BLADE LAG DAMPER FORCE CHARACTERISTICS {Cont'a)

BLACKHAKK - NASA STUDY

26-SEP-80

LOMAMP  (2/2)

o
<R
=
= T T " T "
i : i i )
(-3 r Y g .
Sl i ; j! ! ; : T
[-] H i i H ' i .
m ! { { { ‘ 1 : I
! | T i : v . 7
g r z s : ! AR
% et —
S . i ' v H { 1
& : 1 N b 1 ]
| 1§ T T ”
] : ! ! :
3 1 T : ; , ,
- ! ! i ﬁ . L
N - r s - F ]
) ] 1 i
1 . H
: ! !
. - i 1 !
=} : X L
- :
X : i I
3 i j
za ]
g ]
Se T X
- it ! R
1 H
)
H 1
-3 —t - <
8 e a3 . e eie e 4 e e e s - - — s . - C———— oo ), et 8 . ‘-. - -
]

- p———_ o .  §i o S et b b hre et <. e & st - "
: b T d

N 1
8 e : i
. K * H
el s mms e aee e e — b m——
=3 ' K i '
+ N
e e e e gr——— o . e 4t |
8 PRSPPN - - ORRPURPRERP |
Q i N
=1 - - —— .} - m- . ee ta e ae e}
~N r - . '
" . — —— . —
t N H
L - — P e e heeee b adeeem e 4 b - e i
= ; . i
S - ——— L O R e . Ra——
. : :
g sma e oa [ - .. o~ e - 4
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S Y

8

<1.63

-1.20

-3.80

-0.40

-0.00

.

MR

Q.40 0.8c 1.20 1.80 2.00

FIGURE 1.5.4(b)
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TABLE 1.5.1

BLACK HAWK MAIN ROTOR PRESET BLADE TWIST

TWMRMP : : UVR&#

XSEGMRe##
TWSTHR##
TWMRLO
EXP 9.8,1.8,8.85
TWMRLO:  EXP 8.4,
EXP -g.95,
EXP | =~5.3,
EXP -9.65,
-19.9

tMAP ARGUMENT:LOOK UP ROUTINE
+ INPUT VARIABLE
tOUTPUT VARIABLE

1 MAP NAME
tLOWER LIMIT,.UPPER LIMIT,DELTA
4.9, 0.9, g.43,
-1.8, =2.758, -3.585,
~6.16, ~7.1. =-7.9,
-14.3, -18.76, -12.3,
5.1-57
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AIRCRAFT VR CHNOLOGIES > . pocuMeNT no.  SER 70482

TABLE 1.5.2
BLACK HAWK MAIN ROTOR BLADE SECTION LIFT COEFFICIENT - AIRFQIL SC1Q95

ACLIMR: 11.9
ACL2MR: 172.2
ACL3MR: ~-5.2
ACLAMR: -~172.8

. i ®™* ROTOR COEF. OF LIFT MAP ==
CLMRMP: BIVUVR## ;MAP ARGUMENT:LOQOK UP ROUTINE
AFTFMR##(17) ; INPUT VARIABLE #1,
MACHMR##(A17) ;s INPUT VARIABLE #2

CLMR##(A17) :QUTPUT VARIABLE

CLMRLO tPRIMARY (BASIC) MAP NAME
EXp -32.9,32.3,2.7, 33;L0W. LIM., UP. LIM., DELTA, # ITEMS
EXP g2.8,1.2,.1 iLOW. LIM., UP, LIM., DELTA

CLMRHI 1 SECONDARY (HIGH ANGLE) MAP NAME

EXP ~188.9,189.9,2.8 iLOw., LIM., UP. LIM., DELTA

i PRIMARY MAP: AFTFMR FROM -32 TO 32,DELTA=2,MACHMR FROM & TO 1.
t+ MACH NQ.=. g ‘

CLMRLO: EXP -9.9678, -1.8, -2.996, -9.992, -g.988
EXP -§.984, -g.984, ~2.97¢, -8.972, =-1.87
EXP ~8.724, -8.37, -g.19, -2.39, -9.48
EXP ~g.19, 7.83, g.243, 8.46, 8.87
EXP 2.89, 1.18, 1.28, 1.19, g.98
EXP g.9828, g.9886, g.s9884, £.9912, 2.9948
EXP - .997, 1.4, 2.867%
i+ MACH NO.=.,| :
EXP ~8.9678, -1.9, ~g.996, -g.992, -¥.988
EXP ~2.984, -g.984, -g.976, -2.872, -1.97
EXP ~9.724, 15.37. -g.19, -g.39, =-8.48
EXP ~8.19, ‘.83, 8.243, g.46, B.67
EXP 8.89, 1.14, 1.25, 1.18, g.98
EXP 2.8828, g.9886, 4.9884, g.9912, £.9948
EXP .997, 1.4, © £.967%
i MACH NO.=.2
EXP ~2.8678, -1.4, -g.996, -g.992, -g2.988
EXP -g.984, -7.984, -3.978, -g.972, -1.87 i
EXP -g.724, ~8.37, -g.19, -2.39, ~J.45 :
EXP -g8.19, 8.33, a.243, g.46, 2.67 i
EXP 4.89, 1.18, 1.28, 1.19, 2.98 ) !
EXP g.9828, 4.9886, g.9884, g.9912, 2.9949 i
EXP 2.897, 1.9, 2.9678 :
‘
i MACH NO.=,3
EXP -8.9675, -1.4, -7.896, -2.992, -g.988
EXP ~2.984, -g.984, -3.976, ~2.972, ~1.87 .
EXP ~g.724, ~g.37, -Z.19, -3.39, -g.45
EXP -7.19, g.83, 2.243, g.46, 2.87
EXP 2.89, 1.198, 1.28, 1.19, 9.98
EXP 2.9828, g.9856, g.9884, g.9912, g.994
EXP 2.897, 1.4, 8.9678
h
5.1-38
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EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
Exp
EXP
EXP
EXP

EXP
ExP
EXp
EXP
EXP
EXP
EXP
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TABLE 1.5.2 (Cont'd)
+ MACH NO.=.4
-4.96878, -1.4, ~g.988, -g.9¢8, -7.962
~g.964., -g.966, -7.968, -2.978, -9.82
~3.538, -3.24, -3.39, 2.45, -3.42
-g.188, 2.25, g.2848, 2.5189, 2.78
g.98, 1.17, 1.13, 1.83, 3.986
2.9687, 2.9714, 2.9771, g.8828, Z.988%
d.9942, 1.9, 2.967%
1+ MACH NQ.=.S§
-9.9675, -1.4, -2.94, -4.93, -9.92
-2.928%, -~8.93, -2.938, ~3.94, -9.88
-2.525, -g.4, -9.3, -g.32, “9.44
~7.198, g.9%, g.295, g2.53, g.78
2.96, 1.41, Z.96, 1.98, 1.26
1.87, 1.96, 1.98, 1.938, 1.22
1.81, 1.2, g.9878%
i MACH NO.=.6
~%.967%, -1.9, ~3.946, -g.942, -Z.938
-~9.934,, -9.93, -7.928, -9.922, ~J.80%
-%.866, -7.6, -g.558, -g.52, -~g.47
~3.188, 2.87%, .34, 8.813, 2.84
2.918, g.947, 1.9, 1.8854, 1.98
1.963, 1.983, 1.242, 1.4931, 1.82
1.81, 1.4, g8.9678
i MACH NQ.=.7
-J.9678, -1.4, -~7.944, -3.938, ~g.932
-8.926, -9.929, -3.914, -5.998, -7.88"
-2.83, -g.78, -F.735, -Z.64, -3.59%
-g.288, 2.87, 2.395, g8.72, g.83
2.877, g.92, 8.923, 8.93, g.92
2.898, 2.9, 8.92, 8.94, g2.97
2.988, 1.9, g.967%
+ MACH NO.=».,3
-9.967%, -1.8, -7.93, -9.91, -g.89
-2.87, -%.88, ~9.83, -5.81, -5.82
-3.79, -g.81, -3.7%, -92.69, -2.47
-F.2%, 2.908, 2.35, g2.56, g.78%
2.818, 2.845, g.845, 2.85, 2.86
.88, 2.99, g.92, g.94, 2.96
2.98, 1.8, 2.9675
1 MACH NO.=.8
-3.867%, -1.8, -2.922, -5.8%94, -J.88686
~-2.838, -2.81, -9.782, -8.754, -4.726
-3.698, ~-8.67, ~-9.665, -2.686, -7.54
-g.41, ~g.18, .14, 2.39, 2,64
9.7685, g.81, 8.83, g.85, 2.87
2.88%5, g.988, 2.92%, 2.94, 8.96
g2.98, 1.4, 23.9678
i MACH NO.=1.3
-3.967%, -~1.4, ~g.918, -g.886, -3.854
-g.822, -3.79, -9.758, -4.726, ~3.694
-3.662, -3.63, -g.62, -3.81, ~3.42%
~F.24, -g3.8%, 8.2, 8.458, g.7
2.8, 8.85, 9.865, .88, 2.898
2.91, 8.928%, g.94, J.988, 3.97
g2.985, 1.8, 2.967%
5.1-89
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RHI: EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
EXP
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TABLE 1.5.2 (Cont'd)
i HIGH ANGLE MAP: AFTFMR FROM -188 TO

2.9, .25667, .5133,

.74, .725, 714,

.665 .68, .725,

.95, .9178, .88s,

.7878, . 788, .7228,

.625, .6928, .56,

. 4625, .43, .3975,

.3, .2675, .238,

.1378, .185, .3725,
-.928, -.857%, -.89, -
-.187s, -.22, -.2525, -

¢« =.38, -.3825, -.4185, -
-.5128, - .545, -.5775, -
-.675, , ~.787S, -.74, -
-.8378, -.87, -.9925, -
-1.8, -.996, -.992, -
-.98, -.978, -.872, -1
-.37, -.19, -.39, -
23, .243, .46,
1.1, 1.25, 1.1,
.9856, .9884, .9912,
1.3, .9678, .938,

.8375, .885, .7728,

.675, .6425, .61,

.5128, .48, .4475,

.35, .3178, .285,

1878, .185, .1228,

.25, -.8975, -.g4, -
-.1375, -.17, -.2925, -
-.3, -.3325, -.365. -
~.4625, -.495, -.527s, -
-.625, -.6575, -:69, -
-.7875, -.82, -.8525, -
-.9s, -.878, -.8, -
-.6685, -.68, -.695, -
-.74, -.758, -.77, -
2.8

oocument xo.  SER 70452
188, DELTA=2

77, .758
.695, .58
.8, .878
.862%, .82
.89, .BE75
.5278, 498
.365, .3328
2925, 17
g4, 337%
. 1225, -,1588
02357 --3175
.4478, -.48
.81, -.542%
.77258, -.88%
.938, -.967%
.998, -.984
.27. ‘-72‘
.45, -.18
.67, .89
.98, .9828
.994, .9987
.982%, .87
.74, 7875
8778, 548
.418, .3828
. 2528, .22
.29, 287%
28728, -.19%
.2385. -.287%
.3978, ~.43
.56, ~-.592¢%
. 7228, -,.7858
.888, -.917%
u725| --65
71, -.725
.5133, -.25667
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TABLE 1.5.3
BLACK HAWK MAIN ROTOR BLADE SECTION DRAG GOEFFICIENT - AIRFOIL SC1095

OQCURENT M0,

SER 70452

COMRMP: BIVUVR##

EXP
EXP

AFYWMRS#(17)
MACHMR##(A17)
COMR##(AL17)
COMRLO

i ** ROTOR COEF,.

;MAP ARGUMENT:LOOK UP ROUTINE

s INPUT VARIABLE
+ INPUT VARIABLE
1OUTPUT VARIABLE
s PRIMARY (BASIC)

~32.8,32.2,2.8,M033;L0W. LIM., UP.

2.2,1.8,.1
COMRHI

EXP -188.2,188.8,2.9

sLOW. LIM., UP.
sLOW. LIM., UP.

OF ORAG MAP =»

»1
#2

MAP NAME
LIM., DELTA,
LiM., DELTA

LIM., DELTA

# ITEMS(OCTAL)
1+ SECONDARY (HIGH ANGLE) MAP NAME

COMRLQ: EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXp
EXP
EXP
EXe
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

3 PRIMARY MAP: AFYWMR FROM ~32 TQ 32,DELTA=2,MACHMR FROM & TQ 1.
s MACH NO.=.2
2.6878, #.63, 7.562, g.488, g.417
2.34, g.267, g.188, a.12, 2.045
g.218, 8.81z, 2.9988, 8.98775, g.2878
8.887%, 2.6875. 2.298, 2.8088, £.989
g.211, 85.817, g.226, B.145, 9.23
2.293, B.345, 2.4, B.485, g.887
2.36, 8.83, 8.697%
;i MACH NO.=.1
8.6978, 8.63, g.862, g.488, g.417
g.34, 8.267, g.138, g.12, g.848
g.318, g.g12, g.348, 2.8877%, g.887%
2.487%, 2.8478, a.948, 2.4888, 8.28%
8.4911, 8.217, 2.4928, 2.148, a.23
2.293, g.348, .4, 8,488, 2.847
8.56, 2.63, 4.6%97%
;s MACH NQ.=.2
8.6978, #.63, g.562, g.488, 8.417
.34, B.267, 2.195, a.12, g.945
2.818, g.212, 8.298, 8.8877%, 2.2978
B.827%, 2.8078, 2.298, 2.8988, g.8429
2.911, 4.817, 2.826, £.1458, g.23
302930 . 203‘5| ﬂ.nh 5-4550 g.5g7
#.58, 8.83, 5.697%
1 MACH NQ.=.3
8.6978, 2.83, g.862, 2.488, g.417
g.34, g.267, g.198, g.12, a.848
g.4818, ga.4912, 2.2882 8.2479, 2.887%8
2.8878, g.287%, g.898, g.84988, g.9829
8.4911, 8.817, g.226, 2.145, 4.23
2.293, g.346, 2.4, g.458, 8.587
2.586, g.863, g.6978
s MACH NO.=.d
2.697%, 8.683, 4.57, a.51, g.448
2.39, 4.33, g.268, a.298, 2.161
8.822, 2.813, 2.889, 2.9885, 2.208
2.9488, f.298, 2.8882 5.4885, 2.8.1
z‘zl" 5.32. 5.598. 5&169\ 5023
8.293, 8.34A8, 8.4, 9.488, 2.587
2.56, 8.63, ' 2.697%

.1-61
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EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

EXP
EXP
EXP
EXP
EXP
EXP
EXP

UNITED
> TECHNOLOGIES »

i+ MACH NO.=.5

2.6978, g.63,
g.498, 2.353,
8.12, 2.267,
2.937%, 2.997%,
2.928, 8.48,
2.318, g.3685,
#.569, .63,
3 MACH NO.=.§
8.6978, 2.63,
3.418, 8.361,
g.191, g.128,
£.8888, g.488,
2.873, 8.122,
2.328, - #.358,
2.576, 2.63,
i MACH NO,=.7
2.6978, 8.63,
.46, 8.416,
g.242, 8.177,
8.812, g.298,
2.128, 2.1861,
2.368, g.488,
9.578, 2.63,
i MACH NQ.=.8
£.6975, .63,
B.478, g.44,
g.29, 8.228,
2.829, 8.817,
2.17, g.22%,
g-‘. g-‘35|
5.583, 8.63,
i MACH NO.=.9

L .6978, #.63,
2.497, 8.463,
8.33, 8.262,
8,256, 2.88,
2.21, 8.262,
£.425, 2.4589,
8.596, 8.63,
i MACYH NO.=1.8
2.6975, 2.63,
g.514, 2.486,
2.37, 2.297,
2.117, 2.29,
g.249, g.298,
z“570 8-486‘
8.681, 8.63,

CRIGINAL P
OF POOR QUALITY

TABLE 1.5.3 (Cont'd)

g.564,
g.296,
8.221,
4.887%
3.153,
2.416,
g.697%

2.878,
9.323,
2.27,

8.2498%
g.178,
g.412,
g.697%

8.89,
2.373,
2.113,
8.91,
g.24,
g.481,
2.6978

2.593,
£.483,
g.16,
g.84,
g.285,
g.47,
8.697%

8.597,
g.43,

g.293,
g.328,

8.322,
g.493,
7.697%

2.841,
g.457,
30248‘
g.1178

2.37,
2.514,
8.697%

P T
£ 1.8
SXSF | W]

DOCUMENT NO.

g.911,
8.231,
g.467,

#.545,
2.329,
2.86,
2.838,
g.28,
g.493,

#.855,
g.364,
a.1,
g.29,
g.324,
2.548,

#2.563,
g.3%7,
g.149,
g.12,

4.3586,
2.827,

8.872,
g.428,
g.282,
g.1828
2.399,
2.543,

P.465
#.183
2.288
2.911
2.262
g.52

2.468
g.246

SER 70452

2.912%5

2.2828
2.283
g.821

B.504
8.288
2.83

2.482
Z.323
£.5385

2.52

8.325
2.865
J.128
2.361
g.546

8.53

2.363
8.118
2.167
9.398
g 562

2 8543
4.398
g.152
9.283
£.428
g.572
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TABLE 1.5.3 (Cont'd) .

+ HIGH ANGLE MAP: AFYWMR FROM ~18¢ TO 188, DELTA=2

CDMRHI: EXP .2, .367, .733, 1.1, 1.26%
, EXP 1.483, .995, .96, .92, .88 |
3 EXP .84, .8, .76, .72, .68 ‘
EXP .64, .6878, .738, .782%, .33
- EXP .87878, .9278, .97625, 1.925, 1.8737%
EXP 1.1228, 1.17128, 1.22, 1.2687%, 1.317%
EXP 1.366285, 1.415, 1.46378, 1.51258, 1.56128
EXP 1.61, 1.68, 1.71, 1.76, 1.81 ‘
EXP 1.8578, 1,998, - 1.9528, 2.3, 2.82625% :
: EXP 2.9528, 2.497875, 2.185, 2.9987%, 2.292% %
5 EXP 2.28625, 2.28, 2.4585, 2.93, 2.895
- EXP 1.98, 1.92875, 1.8775, 1.82628, 1.77%
3 EXP 1.78128, 1.627%, 1.58375, 1.48, 1.487%
E EXP 1.338, 1.2625, 1.19, 1.1178, 1.845
q EXP .9728, .9, .8328, . 785, .6975
. EXP .63, .562, .488, L417, .34
> EXP .267, .198, .12, .G45, 218
- EXP 812, .298, 28775, .2878, 297%
. EXP 99758, .298, .53888, .88, A1l
<. EXP 817, .826, . 148, .23, .293
: EXP .345, .4, L4855, 587, .56
3 EXP .63, .687%, .765, .8325, .9
; EXP .9728, 1.4945, 1.1175, 1.19, 1.2628
> EXP 1.338, 1.487%, 1.48, 1.5537%, 1.6278 )
o EXP 1.79128, 1.77%, 1.82628, 1.8778, 1.9287% i
- EXP 1.98, 2.888, 2.23, 2.885, ©2.98
X EXP 2.98625, 2.8928, 2.489878, 2.198, 2.8787%
- EXP 2.4528, . 2.8262%, 2.8, 1.9528, 1.9925
e EXP 1.857%, 1.81, 1.76, 1.71, 1.86
§~ EXP 1.61, 1.56125, 1.5128, 1.46375, 1.415
o5 EXP 1.36628, 1.3178, 1.25875, 1.22, 1.17128
E EXP 1.1228, 1.8737%, 1.825, .9762%, .8275
3 EXP .8787%, .83, .7825, . 735, .6875
- EXP .64, .68, .72, .76, .8
: EXP .84, .88, .92, .96, .998 ‘
ENP 1.93, 1.865, 1.1, .733, .367 ‘
EXP 2 ;
]
i
B
|
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TABLE 1.5.4
BLACK _HAWK MAIN ROTOR BLADE LAG DAMPER FORCE CHARACTERISTICS 'j

LOMRAMP : :UVSUVSo# tMAP ARGUMENT:LOOK UP ROUTINE
LD.MR##(ALE) i INPUT VARIABLE
FLD.MR#®(AL1SE) tQUTPUT VARIABLE
LDMRLOQ +.OW RANGE MAP NAME ,
EXP 2.4,2.4,8.1° {LOWER LIMIT,UPPER LIMIT,DELTA )
LOMRHI +HIGH RANGE MAP NAME
EXP 2.4,7.4,1.8 tLOWER LIMIT,UPPER LIMIT,DELTA
+ LOW ANGLE MAP; LD,MR & TO 2.4 , DELTA = .1
LOMRLO: EXP N 1998.49, 2348.2, 3890.4, €28.2
EXP 998.4, 1380 .2, 16589.4, 29848.4, 24802.9
EXP 29840.7, 3219.8, 33848.49, 3469.8, 3825.8

EXP  3565.8; 3589.7, 3615.4, 3639.8, 3659.9
EXP  3662.% _

i HIGH ANGLE MAP: LD.MR 2.8 TO 7.2 , DELTA=l.g
LOMRHI: EXP - 3660.49, 3742.49, 389%.4, -3875.4, 3942.8
EXp 4888.8

SA 29 fty. ¢
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5.2 FUSELAGE MODULE
CONTENTS
5.2.1 Module Description
FIGURES
5.2.1.1 Fuselage Equation Flow Diagram
5.2.2 Module Equations
5.2.3 Module Input/Qutput Definition
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> 5.2.5.5 Fuselage Side Force Coefficient Due to Sideslip
4 5.2.5.6 Fuselage Lift Coefficient Due to Angle of Attack
- 5.2.5.7 Incremental Fuselage Lift Coefficient Due to Sideslip
g 5.2.5.8 Fuselage Rolling Moment Coefficient Due to Sideslip
! 5.2.5.9 Fuselage Pitching Moment Coefficient Due to Angle of Attack
3 5.2.5.10 Incremental Fuselage Pitching Moment Due ta Sideslip
x 5.2.5.11 Fuselage Yawing Moment Coefficient Due to Sideslip
FIGURES
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5.2.5.10 Incremental Fuselage Pitching Moment Due to Sideslip
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5.2
5.2.1

Fuselage Module
¥odule Description

The effects of rotor wash 1 the airframe have been treated in
gross terms. No attempt hay been made to determine the local
flow under the rotor disc and apply it to an element analysis
of the fuselage. The implication of the method used is that
any variations in local velocity effects have been ignored.

It is considered that the technique used provides the essential
effects of more interference velocity with increased rotor
load, and varies as the rotor wake deflects rearward with
increased forward speed.

The angles of attack and sideslip are derived from the body
axes components of velocity. These comprise the components of
flight path velocity, gust components and rotor downwash. The
definition of the angles are those used in the wind tunnel.
That is, angle of attack is the gecmetric angle subtended by
the model relative to tunnel axis at zero yaw angle. It does
not change with yaw angle.  Angle of sideslip, equal to minus

yaw, is defined as yaw table angle in the horizontal plane of

the tunnel, irrespective of angle of attack. It should be
noted that these angles are not Euler angles.

The fuselage aerodynamic characteristics are specific to the
Black Hawk helicopter. They are not generalized in any way
and are derived directly from wind ﬁunnel tgsts. The aero-
dynamic coefficients in terms of ft© and ft”, for forces and
moments respectively, are presented as functions of angle of
attack and sideslip in Section 5.2.5. These wind axes forces
and moments are subsequently transformed into body axes at the
fuselage center of gravity. The data obtained from wind
tunnel tests up to post stall conditions must be extended to
+90° to cover the low speed flight regimes. Near hover, the
most impartant forces (tail off) are the vertical drag and
side force. These can be estimated fairly accurately.

Because of the definiticas of angle of attack and sideslip the
transformation equation yives invalid body axes forces and
moments when these angles approach 90°.
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To avoid problems during pilot-in-the-loop simulation, filters
are presented which fade out the transformation and introduce
fixed body axes parameters, estimated specifically for hover
and low speed flight. For open loop anlaysis the longitudinal
degrees-of-freedom are representative. It should be noted
however, that inaccuracies will be encounted in pure side
flight (i.e., rotor side wash on the fuselage does not exist).

A block diagram indicating the fuselage module flow is presented
on figure 2.1.1.
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ANGLES  OF ATTACK AND SIDESLIA
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5.2.4 Notat.ian for the Fuselage Module
SYMBOL
USED IN PROGRAM :
EQUATIONS MNEMONIC UNITS DESCRIPTION
) VXWF FT/SEC Total velocity components at the
XWF
VYNF VYWF FT/SEC fuselage center of gravity
VZWF VZWF FT/SEC
VXINF VXIWF FT/SEC Rotor wash interference on the
VYINF VY TWF FT/SEC fuselage.
VZINF VZIWF FT/SEC
EwaF EKXWF - Rotor wash interference factors
EKYwF EKYWF -
00 DWSHMR - Main rotor uniform downwash.
QT OMGTMR RADS/SEC Rotor speed
RT RMR FT Rotor radius
qu QWF LB/FI'2 Dynamic pressure at the body
(¢ WE ALFWF DEG Body axis angle of attack
[0( HFI AFABWF OEG ABS (ALFWF)
A WWF ALFWWF DEG Wing angle of attack
{5 WE - BETAWF DEG Sideslip angle
(,pr PSIWF DEG W/T model yaw angle (=-BETAWF)
/¢WFI PSABWF DEG ABS (PSIWF)
- SNAFWF SIN(ALFWF)
- CSAFWF COS(ALFWF)
~ SNBTWF SIN(BETAWF)
- CSBTWF COS(BETAWF)
5.2+12
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5.2.4 (Cont'd) Notation for the Fuselage Modile
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
DQFMP DQFMP FT2 Drag coefficient from angle of
attack
YQFMP YQFMP FT2 Side force coefficient from
sideslip
LQFMP LWFMP FT° Lift coefficient from angle of
attack
RQFMP RQFMP FT3 Rolling moment coefficient from sideslip
MQFMP MQF MP FT3‘ Pitching moment coefficent from
angle of attack
NQFMP NQFMP FT3 Yawing moment coefficient from
sideslip
DDQFMP “LDQFMP ETZ Deltat drag coefficient from sideslip
OLQFMP DLWF MP FT2 Delta 1itTt coefficient from sideslip |
DMQFMP DMQF MP F3 Delta pitching moment coefficient - }
from sideslip
DQFTOT DQFTOT FT2 Total components of aerodynamic }
YQFTOT YQFTOT FT2 coefficients at the wind tunnel i
il
LQFTOT LQFTOT FT° mounting point in wind axes. :
RQFTQT RQFTQT F73 i
MQFTOT MQFTOT F73
NQFTOT NQFTOT FT°
FSCGB FSCGB INS Fuselage station for the fuselage C.G.
WLCGB WLCGB INS Waterline station for the fuselage C.G.
FSWF FSWF INS Fuselage station for tunnel mounting ;
point.
5.2-13
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Notation for the Fuselage Module

2 SYMBOL
T USED IN PROGRAM
3 EQUATIONS MNEMONIC URITS DESCRIPTION
§ WLWF WLWF INS Waterline station for tunnel
mounting point. :
FNT - FT Fuselage longitudinal mounting
point arm.
-wa - FT Fuselage vertical mounting
peint arm.
Bwr - FT Fuselage lateral mounting
point arm. .
XNF' XWF' LB Fuselage aerodynamic component
YwF‘ YWF' LB loads in body axes at the C.G.
ZwFl IWF! LB
LwF' LWF! FT LB
MwF' MWF! FT LB
NNFI NWF' FT LB
XNF LB Fuselage aerodynamic component
YwF LB loads in body axes at the C.G.
ZNF LB maodified by low speed phasing.
Ly FT LB
MwF FT LB
Nyg FT LB
Howe WG Frse | Gur raocimas 47 Twe
Yrome VYGgwr 7% FRIE LAGE
Vogwr  VZGWE Fhec |
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O.R-5 BLACK HANK FUSELAGE INPUT DATA |
NIT CONSTANTS J
FPESWF = FY5.25 ms
WIWFE = 34.0 ons
BLWF =  ©O.0 ms |
Zwg= 0.0 j
{
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TABLE 2.5.1

DOCUMENT NO.

BLACK HAWK (TAIL OFF IRS OFF)

SXWFMP: :BIVAW

EXP

EXP
EXP

EXWFLOQ

DOWNWASH FROM THE MAIN ROTOR ONTO THE FUSELAGE

tMAP ARGUMENT:LO0OK UR ROUTINE

+ INPUT VARIABLE #},

;OUTPUT VARIABLE
1LOW ANGLE MAP NAME -

;LOW LIM,UPPER LIM.DELTA.#ENTRYS(OCT)-CHIPMR

PNPUT VARIABLE #2

;LOW LIM,UPPER LIM,DELTA-AAIFMR

SER 70452

LOW ANGLE MAP CHIPMR g TO 192 (DEL=12) AALFMR -6,9,6

CHIPMRo#,AAIFMR##
EKXWF ##
EXWFLO
‘¥.8,188.82,12.8,13
-6.2,6.8,6.9
i
i AAlFMR==6
tEXP a.428,
EXP 2.66,
8.8
:+ AALFMR=g
EXP g.9,
EXP 2.54,
2.4
i AALFMR=§
EXP -g.12,
EXP 8.4,
2.9

2.3,
2.9,

TABLE 2.5.2

8.43,
1.83,

g.32,
g.94,

g.18,
g.82,

EZ2WFMB: :B8lves

EXP

EXP
EXP

EZWFLO:

A 29 KEV. G

CHIPMR## AALFMRS#
EKZWF ##
EZWFLO
28.2,188.8,18.9,13
-6.8,6.4,6.9
t AAlFMR==§
EXP 1.11,
EXP 1.84,
2.6
i AA1FMR=g
EXP 1.12,
EXP 1.12,
a.8
i AALFMR=§
EXP 1.18,
EXP 1.17,
4.8

; LOW ANGLE MAP CHIPMR 4 TO 148 (DEL=14) AAIFMR -6,4,6

iMAP ARGUMENT:LOOK UP ROUTINE

s INPUT VARIABLE 21,

tOUTPUT VARIABLE

1LOW ANGLE MAP NAME
tLOW LIM,UPPER LIM,DELTA,#ENTRYS(QCT)=-CHIPMR
iLOW LIM,UPPER LIM,DELTA-AALIFMR

1.99,
1.92,

1.12,
1.12,

1.18,
1.18,

1.08,
1.41,

1.12,
1.12,

1.15,
1,22,

INPUT VARIABLE #2

105559
1.4,

1.12,
1.11,

1.186,
1015.

8.58
#.85

1.3%
8.88
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BLACK HAWK (TAIL OFF IRS QFF) ]
TABLE_2.5.3 '
FUSELAGE DRAG COEFFICIENT DUE TO ANGLE OF ATTACK

DQFMP ¢ : UVRUVR## 1MAP ARGUMENT:LQOK UP ROUTINE |
ALFWF## s INPUT VARJIABLE |
DQF ## tQUTPUT VARIABLE
DQFLC 1LOW ANGLE MAP NAME
EXP -22.9,39.2,5.8 tLOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE l
DQFHI1 tHIGH ANGLE MAP NAME ’ 1
EXP -99.8,998.2,18.48 {LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE l
1+ LOW ANGLE MAP: ALFWF -38 TO 38 , DELTA=S |
DQFLO: EXP 45,08, 37.38, 31.68, 27.48, 25.436 :
EXP 23.88, 23.58, 25.48, 27.58, 31.28
EXP 36.588, 43.98, 51.48 . !
+ HIGH ANGLE MAP: ALFWF -98 TO 98 , DELTA=13 /
DQFHI: EXP 159.2, 145.9, 133.4, 114.9, 88.8 f
EXP 6l.4, 45.28, 3l1.68, 25.46, 23.58 !
EXP 27.58, 36.58, 51.28, 66.9, 84.8
EXP 118.48, 132.4, 148.2, 158.3

TABLE 2.5.4

ML L A S
¢

INCREMENTAL FUSELAGE DRAG COEFFICIENT DUE TO SIDESLIP

DDQFMP : : UVRUVR#® {MAP ARGUMENT:LOOK UP ROUTINE

. PSABWF## {INPUT VARIABLE

ODQF #4 {OUTPUT VARIABLE
? DDQFLO {LOW ANGLE MAP NAME
3 EXP 4.9,38.8,5.98 {LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
S DDQFH1 :HIGH ANGLE MAP NAME
: EXP 39.5,98.5,12.8 JLOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE
- ; LOW ANGLE MAP: PSI(ABS) § TO 38, DELTA=S
. 0DQFLO: EXP 4.4, 1.4, 4.3, 9.4, 16.3
- EXP 28.49, 33.5
3 : HIGH ANGLE MAP: PSI(ABS) 38 TO 98, DELTA=18
' DOQFHI: EXP 38.5, 76.5, 113.8, 141.5, 164.5
3 EXP 169.5, 178.8
]
%

3 TABLE 2.5.5
FUSELAGE SIDE FORCE COEFFICIENT DUE TO SIDESLIP

YOFMP ¢ 1 UVSUVS#® {MAP ARGUMENT:LOOK UP ROUTINE
PSIWFes {INPUT VARIABLE
YQF ¢t ;OUTPUT VARIABLE
YaFLO {LOW ANGLE MAP NAME
EXP 0.8.38.8,5.8 {LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
YOFNHI {H1GH ANGLE MAP NAME |
EXP 38.4,90.8.19.4 LOWER LIMIT,UPPER LIMIT,DELTA-HGIN ANGLE
; LOW ANGLE MAP: PSIWF 2 TO 38, DELTASS Y(PSI)m-y(~PS1)
YQFLO: EXP 2.8 11.8 23.3, 35.9 58.2
EXP 65.4, 72.8° )
i HIGH ANGLE MAP: PSIWSF 38 TO 98, CELTA®1g Y(PSI)=-Y(=-PSI)
YQFHI: EXP 72.4, 92.4, 183.2, 199.4, 84.2
EXP 64.9. 37.8
5.2-17
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q BLACK HAWK (TAIL OFF IRS OFF)
TABLE 2.5.6
FUSELAGE LIFT COCEFFICIENT DUE TO ANGLE OF ATTACK
: LQFMP : : UVRUVR## {MAP ARGUMENT:LOOK UP ROUTINE
; ALFWF ## {INPUT VARIABLE
3 LOF## ;OUTPUT VARIABLE
& LQFLO 1LOW ANGLE MAP NAME
; EXP ~38.9,39.8,5.8 {LOWER -LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
. LQFHI sHIGH ANGLE MAP MAME
: EXP -99.7,99.9,19.8 {LOWER LIMIT,UPFZR LIMIT,DELTA-HIGH ANGLE
p
: . LOW ANGLE MAP: ALFWF -32°TO 38 , DELTAsS
LQFLO: EXP -78.4, -52.4, -35.7, -25.4, -13.9
EXP -5.4, 1.8, 12.3, 29.4, 25.8
: EXP 39.2, 34.49, 37.8
- : HIGH ANGLE MAP: ALFWF =98 TO 94 , DELTA=19 ,
: LQFHI: EXP -24.9, -54.8, -72.49, -81.9, -85.4
4 EXP -83.4, -72.8, -35.2, -13.8, 1.8
- EXP 29.3, 38.9, 37.8, 43.8, 48.2
- EXP 52.4, 48.9., 39.4, 22.3 -
3
: TABLE 2.5.7
:: INCREMENTAL FUSELAGE LIFT COEFFICIENT DUE T0 SIDESLIP
E DLQFMP : : UVRe# {MAP ARGUMENT:LOOY UP ROUTINE
E.; PSIWF## :INPUT VARIABLE
; DLQF#e ;OUTPUT VARIABLE
3 OLQFLO 1LOW ANGLE MAP NAME 4
% EYP -28.8,38.4,5.4 {LOWER LIMIT,UPPER LIMIT,DELTA~LOW ANGLE i
: : LOW ANGLE MAP: PSIWF -38 TO 38, DELTA=S :
3 DLQFLO: EXP 9.4, 27.8, 12.42, 7.4, 2.8
; EXP 2.4, 3.4, 2.8, 5.8, 19.9
; EXP 15.8, 22.9, . 35:5
TABLE 2.5.8
FUSELAGE ROLLING MOMENT COEFFICTENT DUE TO SIDESLIP ;
'.’ )‘
- RQFMP : t UVSUVS e {MAP ARGUMENT:LOOK UP ROUTINE i
PSIWF o0 s INPUT VARIABLE ;
| RQF ## {OUTPUT VARIABLE i
! RQFLO ;LOW ANGLE MAP NAME !
t EXP £.2,39.2,5.9 :LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE |
3 RQFH1 {HIGH ANGLE MAP NAME ‘
. EXP 32.2,9%.8,18.2 {oOWER LIMIT,UPPER LIMIT,DELTA~HGIH ANGLE
' ; LOW ANGLE MAF: PSIWF 8 TO 34, DELTA=S R(PSI)e==R(-PSI) '
RQFLO: EXP 9.4, 2.4. 2.9, -39.4, -75.8
; EXP -129.8. -118.8
- ¢ HIGH ANGLE MAF: PSIWF 32 TO 94, DELTA=14 R(PSI)m=R(=~PSI) ,
RQFH1: EXP -118.4, -126.8, -183.4, -191.4, -188.2
EXP -182.8. -188.8 ‘
b
]
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BLACK HAWK{TAIL OFF IRS OFF)

FUSELAGE PITCHING MOMENT COEFFICIENT DUE_TQ ANGLE OF ATTACK

MQFMP : : UVRUVR## . tMAP ARGUMENT:LOOK UP ROUTINE \
ALFWF e {INPUT VARIABLE
MQF #¢ {OUTPUT VARIABLE
MQFLO 1LOW _ANGLE MAP NAME {
EXP =-30.94,39.8.5.8 {LOWER LIMIT,UPPER LIMIT,DELTA~LOW ANGLE )
MQFHI {HIGH ANGLE MAP NAME
r EXP -99.9,98.9,19.8 +LOWER LIMIT,UPPER LIMIT,DELTA-HGIH ANGLE (
; LOW ANGLE MAP: ALFWF -34 TO 33 , DELTA=S ‘
MQFLO: EXP -748.8, -798.9, -639.4, -529.3, -388.2
EXP -239.2, -99.2, 18.3, 198.2, 298.2 ‘
EXP 458.9, 609.4, 758.9 }
g
; HIGH ANGLE MAP: ALFWF -98 TO S8 , DELTA=1Z ﬂ
MQFH1: EXP -298.9, -472.9, ~645.8, -734.8, -764.8
b EXP ~7642.8, -740.9, -639.4, . =-380.4, : -9g.8
9 EXP 188.9, 458.8, 758.8, 819.4, 825s.
: EXP 739.4, 654.9, 479.9, 20898.4
3
3 |
~ TABLE 2.5.10
2. INCREMENTAL FUSELAGE PITCHING MOMENT DUE TQ SIDESLIP
g
A
J + ** BLACK HAWK FUSELAGE DEL PITCH MOM VS PSIWF(ABS) B
1 OMQFMP : : UVR#® {MAP ARGUMENT:LOOK UP ROUTINE
v PSABWF ¢ :INPUT VARIABLE
2 DMQF ## {OUTPUT VARIABLE
b DMQFLO 1LOW RANGE MAP NAME
3 EXP £.3.380.9,5.8 {LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE MAP
q + LOW ANGLE MAP: PSI{ABS) # TO 32, DELTA=5
E OMQFLO:EXP 8.3, 18.4, 2.4, 5.4, 98.9
3 EXP 139.4, 188.2
E. .
: TABLE 2.5.11 ;
(‘v.: . ;
: FUSELAGE YAWING MOMENT COEFFICIENT OUE TO SIDESLIP !
NQFMP : : UVRUVR## tMAP ARGUMENT:LOOK UP RQUTINE i
PSIWFee ; INPUT VARIABLE ;
NQF ## 1OUTPUT VARIABLE
NQFLO 1LOW ANGLE MAP NAME
EXP -39.4,38.4,5.2 {LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
NQFH1 {HIGH ANGLE MAP NAME
EXP -99.9,99.9,18.8 ;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE
i LOW ANGLE MAP: PSIWF =34 TO 39, DELTA=S
NQFLO: EXP -144.8, -198.4, ~248.3, -228.4, -189.9
Sxp ‘lﬂﬂ.ﬁ. z.ﬁ'. 133.5. 183.3‘ 223.3
EXP 248.2, 199.4, 140.8
t HIGH ANGLE MAP: PSIWF -94 TO 98, DELTA=1g :
NQFHI: EXP 448.9, 392.4, 332.4, 259.49, 162.2 !
EX? 48.2, -148.4, -248.4, -189.4, 2.2
EXP 188.4, 249.4, 148.4, 59.¢, -38.8
EXP -12%.4, -228.4, -329.8, -429.8
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DOWNWASH FROM THE MAIN ROTOR ONTO THE FUSELAGE
MRP NAME: EZWFNP
MAP TYPE: Iy
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FUSELAGE DRAG COEFFICIENT DUE TO ANGLE OF ATTACK

BLACKHAWK ~ NASA STUOY 23-5eP-80 OQFMP (172)
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QUTPUT VARIABLE: 0oF

PRIMARY NAP:

-30.00 Qe Limn
30.00 aPrer LI
. $.00 anm
SECONGARY MAP:
-90.00 womER LRIt i
80.00 e Lnn \
10.00 wmr. ;
8 |
] i
~N : . t ! | i i ‘
! H 1 ; i : i
2 | : ! - t )
3 T T ¥ ; T '
- ! . | i ' H
H ! 1 \ t i
8 r a \ : i : i
2 \ ' | H T :
: | ) i
8 ( 1 : ! '/i/"_—q
s 1 , —,
- | ' ; v ,.
i B A e S
g [ - : : }{ ; ;
] T 7 !
~ 0 : /.
5 ’ »-
&8 ‘ A
a :

.00

i
!

|

i]

ot e e b o eme $om e e

o _..--.'f ]
(-3 & ———th A s oo — e .} }
- : : !
- T T n 1
. FANUERPIIGPIIG SIS I \
8! B : i
3 ; i
- » ‘ : ¥ i
s B—— .+ . . o
- L e nd \
3_ O . i
. 1
~ : | i i i . ' . ;
- B VIR U S U S B e
i b ne o ek mimmm e came s e — me ] m | e ———— - — et ian omd
Al e ey a e o : . X
g ' : - ORI AOUO I [ AN .
<%00.00 -40.00 -80.00 ~40.00 -20.20 _ Q.00 20.00 40.00 802.00 80.00 100,00
ALFWF ,
|

FIGURE 2.5.3(a) |

D}

- B B e A - - _ i LTS e o —,.‘.r’vi-i—_-:a—-‘t‘”J




-/
i
P

[l -alle XTI

e, .
KORS iy Sl R- \
SIKORSKY AIRCRAFT /- ' SER-70452 *
FUSELAGE DRAG COEFFICIENT DUE TO ANGLE OF ATTACK (cont'd) |

[}

BLACKMAWK - NASA STUQY  23-SEP-80 gaFNe (2/2)
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BLACKHERWK - NASR $TUOY 23-5EP-8C DOQFMP Zl/.ZJ
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MAP TYPE: UYRUYA
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FUSELAGE SIDEFORCE COEFFICIENT DUE TO SIDESLIP

SER 70452

BLACKHAWK - NASA STUOY  23-%EP-80 YGFMPT (1/2)
NMAP NAME: YGFMP
MAP TYPE: UvYsSuvs

S): PSIKF
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SER 70452

FUSELAGE LIFT COEFFICIENT CUE TO ANGLE OF ATTACK

BLACKHAWK - NRSA STUCY 23-SEF-80 LAFMP 11/2)
MAP NAME: LQFMP
MAP TYPE: UVRUYR
INPUT VARIRBLE (S): ARLFHF
QUTPUT VARLIRBLE: LQF
PRIMARY MAP:
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SER 70452

FUSELAGE LIFT COEFFICIENT DUE TO ANGLE OF ATTACK (Cont'd)

* BLACKHAWK - NASA STUDY  23-SEP-8Q LQFNP (/72)
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INCREMENTAL FUSELAGE LIFT COEFFICIENT DUE TC SIDESLIP

MAP NAME; OLQFNP
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BLACKKANK - NASA STUOY 23-SEP-40 RQFMP
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5.3 Empennage Module

5.3.1 Module Description

This module calculates the aerodyanmic forces on the horizontal
and vertical tail surfaces resulting from the local zirflow.

The velocities are derived at, and the aerodvnamic forces
assummed to act at, the panel center of pressure. Aerodynamic
forces are developed in the local flow wind axes system and
subsequently transferred to the body axes system at the fuselage
CG as defined on Figure 3.1.1. The overall module equation

flow is shown in-block diagram form on Figure 3.1.2.

The tail can experience aerodynamic interference effects from

many sources. Components of flow from the main rotor and

fuselage are define at present in this module. However, the

equations are formulated to allow easy inserticn of other

components. Three components of rotor wash are developed as \

a function of rotor wake skaw angle and blade longitudinal \
!

; flapping. Tail dynamic pressure blockage and downwash from
- the faorebody are developed as a function of angle of attack
L and sideslip. Small downwash/sidewash angles are assumed and

the velocity delayed to account for the time taken by the |
airflow to reach the tail. |

The total velocity components for the tail are made up of -
contributions from the basic body axes translational and
angular velocities, gust effects, rotor wash, fuselage downwasn
and sidewash. Dynamic pressure loss is introduced by factoring
the components of the free stream flow. The actual total
dynamic pressure at the tail is calculated from the resultant
velocity vector. This allows a more representative definition
of dynamic pressure at low speeds where downwash fro. the

rotor predominates the flow at the tail. The 1ift and drag
forces at the tail are obtained from isolated tail data and

are a function of tail total angle of attack. In the case of
the vertical tail, angle of attack has the same connotation as
sides1ip. The 1ift and drag forces in local wind axes are
resolved into body axes at the tail. (Moments from the tail
about its own axis are not accounted for.) Finally, the
component forces at the empennage are trancferred to the CG
together with the corresponding moments.
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5.3 2 LMANNAGE MODULE EQUATIONS
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5.3.4 NOTATION FOR THE EMPENNAGE MODULE
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
FSH1 FSH1 INS ‘Fuselage station for horizontal
tail C.P.
FSCGb FSCGB INS Fuselage station for CG
Furi KH FT
WLH1 WLH1 INS Waterline station for horizontal
tail C.P.
WLCGb WLCGB INS Waterline station for CG
| WyT1 KH+1 FT
| BLHl BLHI INS Buttline station for Horizontal
| tail C.P.
BLCGD BLCGB INS Buttline station for CG
BHT KH+2 FT
EKXHl EKXH1 ND Rotor wash factors
EKTHl EKYHI ND
EKZHl EKZH1 ND
xX PMR CHIPMR DEG Rotor Wake Skiw angle
31EMR AALFMR DEG Rotor 1ong1tudfqa] flapping
DwSHMR : DWSHMR ND Rotor uniform ddwnwash
Sit OMGTMR RADS/SEC Trim rotor speed
RT RMR FT Rotor radius .
VXMRHl VXMRH1 FT/SEC Rotor interference: vilocity at the
VYMRHI VYMRH1 FT/SEC Horizontail tail.
VZMRHl VXMRH1 FT/SEC i
QH]QNF QHIQWF ND Horizontal tail ?ynamic pressure
ratio :
X wF ALFWF DEG Fuselage angle Qf attack. .
¢VWF PSIWF DEG Fuselage heading
/3 WF BETAWF NEG Fuselage sideslip.
5;2:14
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5.3.4 (Continued) NOTATION FOR THE EMPENNAGE MODULE
|
{
SYMBOL !
k USED IN PROGRAM |
. EQUATIONS MNEMONIC UNITS DESCRIPTION !
. KQHl KQH1 ND
EfJSH 1 EPSH1 DEG Downwash angle |
Vo . VXB FT/SEC Fuselage X axis velocity i
VZWFHI VZWFH1 FT/SEC Fuse/Tail downwash velocity
VXIHl VXIHI FT/SEC Horizontal tail total interference
VYIHI ~ VYIHI . FT/SEC velocity 3
VZIH 1 VZIH1 FT/SEC |
P P RADS/SEC Body axes angular rates. ‘
q q RADS/SEC :
r r RADS/SEC |
Va1 VXH1 FT/SEC Total velocity at the horizontal |
VYH 1 VYH1 FT/SEC tail. 2
VZHl VZH1 FT/SEC
VXGHi VXGH1 FT/SEC Gust velocity at the horizontal
VYGHi VYGH1 FT/SEC t;i 1. |
VZGHi VZGH1 FT/SEC ]
RHO SLUG/FTS  Air density. i
QH’. QH1 LB/I-'T2 ' Dynamic pressure at the :
) horizontal tail :
O(Hl ALFH1 DEG Body axis angle of attack i
X Wil ALFHH1 DEG Total tail angle of attack
/Hl BETHI DEG Sidesiip angle
|
5-3"15
PAGE’
SA 28 REY. G

),

ey e A-‘»ﬁ-»aw—ﬂ-——-wdA




T PRl T
g

SIKORSKY 'z
AIRCRAFT Wt

5.3.4 (Continued)

kg

CRIGINAL
OF POOR

DA '|.)
QUAUTY
pOCUMENT 0. SER 70452

NOTATION FOR THE EMPENNAGE MODULE

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
VXMRVI VXMRV 1 FT/SEC Rotor interference velocities
VYMRVI VYMRV 1 FT/SEC
VZMRVI VZMRV1 FT/SEC
SIGV1 siavl DEG Fuselage sidewash angle
VYNFVl VYWFV 1 FT/SEC Fuselage sidewash velocity
va1 VXV - FT/SEC Total velocity at the vertical
VYv1 YYV1 FT/SEC tail.
VZv1 VZV1 FT/SEC
VXGV1 vXevl FT/SEC Gust velocity at the vertical
VYGVI VYGV1 FT/SEC tail.
VZGVI vZGv1l FT/SEC
VXIv1 VXIV1 FT/SEC Inteference velocity at the
VYIVl VYIVI FT/SEC vertical tail.
' vZivi FT/SEC
ZIv1 ;
QVl Qv LB/FT Dynamic pressure at the vertical
tail.
Xy1 AFVF1 DEG Angle of attack
/& vl BETV1 DEG Sideslip
r‘qVVl 3ETVVY DEG Total sideslip angle
SNAFY] - SIN(ALFVT)
- CSAFVY - COS(ALFV1)
- SNBTV1 - SIN(BETV1)
- CSBTVY - COS(BETV1)
5.3. 16
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AIRCRAFT IT'%LO@SS s socument wo.  SER 70452
5.3.4 (Continued) NOTATION FOR THE EMPENNAGE MODULE
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
- SNAFHL - SIN(ALFHT)
- CSAFHT - COS(ALFH1)
- SNBTH1 - SIN(BETH1)
- SCRTHI - COS(BETH1)
g o CLH1 ND ° Coef of lift
s 1
3 CDHI CDH1 ND Coef of drag.
S Xy XH1 LB Horizontal tail forces and
§. qu YH1 LB moments
§~ ZH1 IH1 LB
- 4
., L LH1 FT LB
Fv i
¥ MH1 MH1 FT LB
<
? NH1 NH1 FT LB
FSV1 FSVT1 INS Fuselage Station for the vertical
tail C.P.
FVT1 KV FT Waterline Station for the vertical
WLY1 WLVT 1 INS tail C.P.
BLV1 BLVT1 INS Buttline Station for the vertical
BVTl KV+2 FT. tail C.P.
EKXVI EKXV1 - Rotor wash factors
EKYVl’ EXYV1 -
EKZVI EkZV1 -
5.3-17
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5.3.4 (Continued) NOTATION FOR THE EMPENNAGE MODULE f
SYMBOL '
USED IN ~ PROGRAM . '
EQUATIONS MNEMONIC UNITS , DESCRIPTION ‘
3 QV1QWF ; QV1QuF - Dynamic pressure ratio, ratio
o 1
\ KQVi © KWVT S SQRT (dynamic pressure ratio)
; : CLVI CL\V1 ' ND Coef of 1ift
§; Cov1 cov1 ND Coef of drag
Xv1 V1 LB Vertical ta*1 forces and moments
YVl YV1 ‘ LB
ZV1 VAR LB
LVl w1 FT LB
MV1 MV FT LB
NVl NV FT LB
XT- - LB Total Empennage forces and moments :
YT - LB
ZT - LB
MT- - FT LB
NT - F7 LB
i
i
\
:
1
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SIKORSKY '~
AIRCRAFT

t',: 5. 3.8 BLACK HANK EMPEMNAGE NAT DATH

2T CONSTANTS

FSHL = Too./ oo

WLHI = yd.0 s
4i4l = o

SAHL = A45.0

THI = Cacutaled /N Tré LonTRoL Sy<STEN)
FSv4 = é450 <
mvy = A73.0
BLvy = 0.0

SAVL = 2.3

Irli = ©.0
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DOCUMENT NO.

SER 70452

BLACK HAWK

TABLE 3.5.1

MAIN ROTOR INPLANE WASH AT THE HORIZONTAL TAIL

EXHIMP::BIVes
EXP CHIPMR##,AAlFMR##
EXXH! ##
EXHILO
EXP 2.2,1909.8,12.8,13
EXP -6.92,6.9,6.8

tMAP ARGUMENT:LOQK UP RQUTINE

;s INPUT VARIABLE #1, INPUT VARIABLE #2
1OUTPUT VARIABLE

;LOW ANGLE MAP NAME

+LOW LIM,UPPER LIM,DELTA,#ENTRYS(OCT)=CHIPMR
1LOW LIM,UPPER LIM,DELTA-AAIFMR

; LOW AMGLE MAP CHIPMR 2 TO 198 (DEL=18) AALIFMR -6,4.6

1 AALFMR=-6
* EXHILO:EXP 2.2,
EXP 8.8,
2.9
; AAIFMR=g
EXP -3.4,
EXP 2.6,
2.2
; AA1FMR=6
EXP ~g.586,
EXP 2.32,
2.2

-3.2, 2.85, 8.3, 2.54
1.94, 1.3, 1.85, 9.8
-2.8, -9.2, g.12, 3.36
#.83, 1.46, 1.3, 2.66
-9.8, ~0.74, -£.32, g.34
2.6, g.86, r.12, 2.54

TABLE 3.5.2

MAIN ROTOR DOWNWASH AT THE HORIZONTAL TAIL

EZHIMP::81Ven
EXP CHIPMR##, AALFMR##

: EXZH1##
’ EZHILG
A EXP 5 2,188.8,19.8,13
;' EXP ﬂ 6.4,8.8
t i AAlFMR==~§
¢ EZH1ILQ:EXP -g.13,
. EXP 1.88,
5 1.14
3 AAlFMR=g
EXP 8.4,
EXP 2.84,
1.35
i AALFMR=6
EX® 8.78,
EXP 2.14,
1.56

SA 29 MEY. G

sMAP ARGUMENT:LOOK UP ROQUTINE

i INPUT VARIABLE #1, INPUT VARIABLE #2
1OUTPUT VARIABLE

iLOW ANGLE MAP NAME

1LOW LIM,UPPER LIM,DELTA,#ENTRYS(OCT)~CHIPMR
1LOW LINM,UPPER LIM, DELTA'AAIFMR

t LOW ANGLE MAP CHIPMR 4 TQ 128 (DEL=18) AAIFMR ~6,%,6

a.8, 1.8, 1.82, 1.86
1.91, 1.94 1.69. 1.42
2.94, 1.84 1.91 1.98
2.28, 2.14. 1.89, 1.62
1.38, 1.91, 1.98, 2.86
2.21, 2.29. 2.16. 1.96
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GOCUMENT 0. SER 70452,
BLACK HAWK
TABLE 3.5.3
DYNAMIC PRESSURE LOSS AT THE HORIZONTAL TAIL
QHIMP: : UVR#w $MAP ARGUeN 1 i LUOK or nwu CINE
ALFWF## : INPUT VARIABLE
QH1QWF ¢# 1QUTPUT VARIABLE
QH1LO 1LOW ANGLE MAP NAME
EXP -35.8,3%8.8,5.8 tLOWER LIMIT, UPPER LIMIT, DELTA
; LOW ANGLE MAP ALFHH! -3 TO 32 DELTAa=S
QHILO: EXP 1.8, 1.8, g.9%, 2.78, 8.76
EXP 2.76, 8.73, #.76, 3.76, 2.82
EXP g.41, 1.8, ~ 1.9

TABLE 3.5.4

FUSELAGE DOWNWASH AT THE HORIZONTAL TAIL

EPHIMP t :UVRUVR@#
ALFWF #¢

, EPSH1¢#

: EPHILO

> EXP ~39.8,39.4,5.8

: EPH1HI

< Exp -99.8,99.98,18.8

EPHILO: EXP

; EX 2.5,

1MAP ARGUMENT:LOQOK UP ROUTINE
s INPUT VARIABLE

sOUTPUT VARIABLE

1LOW ANGLE MAP NAME

;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
tHIGH ANGLE MAP NAME

tLOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE

1 LOW ANGLE MAP ALFHH1 -38 TO 32 DELTA=S
1.

1.4, 1.1,

4.8, .55
.48, 8.4, 4.38, £.33

; EXF g.19, -%.12, -3.4

; i HIGH ANGLE MAP ALFHHl =34 TO 99 DELTA~12

3 EPHIHI: EXP 2.9, .28, 8.7, 1.2, 1.5

; EXP 1.9, 1.8, 1.1, 7.55, 3.45

g EXP .18, .19, 2.4, -3.7, ~4.75

- ‘ EXP -4.65, -9.45, -4.15, 2.8

.

HORIZONTAL TAIL LIFT COEFFICIENT DUE TO ANGLE OF ATTACK

i Se45 FTwe2
CLHIMP: :UVSUVS#s
ALFHH10®
CLH1##
CIHILO ,
EXP 4.8,34.8.5.8
CLHIHI
EXP  30.8.99.8,18.4

+ASPECT RATIQ=4.6 ,4814 AIRFOIL

{MAP ARGUMENT:LO00K UP ROUTINE

3 INPUT VARIABLE

iQUTPUT VARIABLE

1LOW ANGLE MAP NAME

tLOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
tHIGH ANGLE MAP NAME

iLOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE

i LOW ANGLE MAP ALFHH1 8 TO 32,DELTA®S CL{ALF )m=CL(-ALF)
CLHILO: EXP

2.3%6, g.71

.78 ' -83, .95
Exp 8.795, 8.745
+ HIGH ANGLE MAP ALFHH1 34 TQO 94,DELTA=1S CLCALF )a=CL(~ALF)
CLHIH1: EXP 4.745, 8.847, 8.847, 8.745, 2.558
EXP 5029‘. 5.3
5. 3.2]
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BLACK HAWK

TABLE 3.5.6
HORIZONTAL TALL DRAG COEFFICIENT DUE TO ANGLE OF ATTACK

CDH1IMP: :UVRUVR#e = sMAP- ARGUMENT:LOOK UP ROUTINE
AFAHH1## 3 INPUT VARIABLE
COHl## tOUTPUT VARIABLE
CDHILO +1LOW ANGLE MAP NAME
EXP #£.4,38.4.5.8 stLOWER LIMIT,UPPER LIMIT,0ELTA
' COHIHI tHIGH ANGLE MAP NAME
EXP 38.7,99.2,18.4 tLOWER LIMIT,UPPER LIMIT,DELTA
i+ LOW ANGLE MAP ALFHH1 & TO 39,DELTAsS5 CD(ALF)=CD(-ALF)
COH1LO: EXP 2.81, g.822, 8.84, £.19,- g.3€
EXP g.37, 8.43
s HIGH ANGLE MAP ALFHH1 38 TO 94,0ELTA=1g CDC(ALF)=CO(~ALF)
" CDH1HI: EXP g.43, g.831, © g.782, g.888, 1.88
EXP 1.181, 1.2

TABLE 3.5.7
DYNAMIC PRESSURE LOSS AT THE VERTICAL TAIL

TECHNOLOGIES » - 00CUMENT N0. SER 70452

QVIMP:: UVRe# sMAP ARGUMENT:LQ0K UP ROUTINE
PSABWF ## t INPUT VARIABLE
QP 3QWF ## $QUTPUT VARIABLE
QP3LO 1LOW ANGLE MAP NAME
EXP 4.4,38.8,5.9,7 1LOWER LIMIT, UPPER LIMIT, DELTA, NO OF ENTRYS(PSABWF)

i LOW ANGLE MAP PSI(ABS.) # TO 39 DELTA=S§

EXP g.82, d.64, g.68, g.72, 8.79
EXP g.88, 1.99
X TABLE 3.5.8

FUSELAGE SIDEWASH AT THE VERTICAL TAIL

SGVIMP:: UVSUVS#e sMAP ARGUMENT:LCOK . UP RQUTINE
PSIWFoe ; INPUT VARIABLE
SIGP3se ;OUTPUT VARIABLE
SGP3LO- . 1LOW ANGLE MAP NAME
Exp 4J4.4,38.8,5.8 tLOWER LIMIT, UPPER LIMIT, DEL1A-LOW ANGLE
SGP3HI tHIGH ANGLE MAP NAME
EXp #£.8,99.8,39.8 +LOWER LIMIT, UPPER LIMIT, DELTA-HIGH ANGLE
3 LOW ANGLE MAP PSIWF & TO 38 DELTA~S
EXP 3.3, -3.4, -3.6, g.8, 1.4
EXP a.s, 8.2
+ HIGH ANGLE MAP PSIWF & TO 94 DELTA=348
EXP 4.8, 8.2, a.4, 2.8
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TABLE 3.5.9
VERTICAL TAIL LIFT COEFFICIENT DUE TQ SIDESLIP
i S=32.3 FT*#*2 .AéPECT RATIO =1.92 ,2821 MO0 AIRFQIL
CLVIMP::UVRUVRs#® tMAP ARGUMENT:LOOK UP ROUTINE
BETVVige s INPUT VARIABLE
CLVi## 1QUTPUT VARIABLE
CLVILA 1LOW ANGLE MAP NAME
Exp -32.9,328.4,8.8 sLOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
CLVIHI ;HIGH ANGLE MAP NAME .

EXP -99.9,98.8,18.8 ;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE

3 LOW ANGLE MAP BETVV] -38 TO 39,DELTA=§

CLVILZ:EXP -1.283, -1.99, -9.93, -8.73, -8.5
EXP -g.28, -8.86, g.16, 2.38, g.61
EXP g.82, g.89, 2.89
1 HIGH ANGLE MAP BETVV1 -38 TQ 94,DELTA=12
CLVIHI:EXP -8.4, -8.12, -4.28, -8.486, -9.66
EXP -8.88, -1.98, -9,93, -3.5, -8.26
EXP 8.38, §.82, 8.89, 8.8, 8.63
EXP 8.48, S 8.32, g.17, 2.8
TABLE 3.5.10
VERTICAL TAIL DRAG COEFFICIENT DUE TO SIDESLIP
COVIMP: : UVRUVR## {MAP ARGUMENT:LOOK UP ROUTINE
BETVV1es : INPUT VARIABLE
COViee ;OUTPUT VARIABLE
COVILY 1LOW ANGLE MAP NAME
EXP -34.4,38.9,5.8 {LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE
COV1IHI tHIGH ANGLE MAP NAME

EXP -94.4,99.9,18.4 ;)LOWER LIMIT,UPPER LIMIT DELTA-HIGH ANGLE

. : LOW ANGLE MAP BETVV1 -34 TO 38,DELTA=§
CDVILO: EXP 8.386, 4.2865, g.174,

g8.118,
ExXP 8.833, 5.818, g.821, g.344,
EXP g.162, 8.248, 8.368
s HIGH ANGLE MAP BETVV] ~98 TO 98,DELTA=S
CDV1Hi: EXP 1.1, 1.828, 2.968, 8.87%,
EXP 8.57%, B.36, 2.174, 8.866,
EXP g.844, a.182, 4.385, a.s58,
EXP . 98.87%, 2.9658, 1.92, 1.98
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MAIN ROTOR INPLANE WASH AT THE HORIZONTAL TAIL

MAP NAME: EXHIMP
MRP TYPE: 8Iv
INPUT VARIABLE (S]: CHIPMA RAIFMA mirm
QUTPUT VARIABLE: EXXH1 . Cm
* o
PRIMARY MAP: C wm
wnm uan -6,
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ORIGINAL PATL 15 \

MAIN ROTOR DOWNWASH AT THE HORIZONTAL TAIL

14
u
MAP NAME: ' EZHINMP !
MAP TYPE: 8ly
INPUT VRRIRBLE (3): CHIPMR RA1FMR mrm
QUTRPUT YARRIRBLE: : EKZH] ! L \
. um
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ORIGINAL PAEL 18

OF POOR QUALITY Document No.

DYNAMIC PRESSURE LOSS AT THE HORIZONTAL TAIL

MAP NAME:

MAS TYPE: :
INPUT VRRIRBLE (8} ;
QUTPUT YARIABLE:;

PRIMARY MAP:

GHINP
WYR

ALFWF
GH1QWF

=30.00
30.00
5.00 mm™

SER 70452
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FUSELAGE DOWNWASH AT THE HORIZONTAL TAIL

BLACKHAWK - NASA STUOT  23-SEP

&,80

2,80

-80 EPHINP  (1/2)
MAP NANE: EPHIMP
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FUSELAGE DOWNWASH AT THE HORIZONTAL TAIL (Cont'd)

BLACKHAWK -~ NASA STUOY  23-SEP-6€0 EPHINE  (2/2)
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5.4.1

UNITED
TECK ES > - DOCYMENT XO. SER 70452

Tail Rotor Module
Module Description

This module calculates the forces and moments at the center of
gravity which are generated by a canted tail rotor. This

rotor is represented basically by a simplified, closed form,
Bailey Solution as developed in Reference 4.6.1. A1l terms in
tip speed ratio () greater than squared have been eliminated.
In order to obtain the actual tail rotor collective pitch

value, (8:,) , the Bailey equations have been modified to
account fgg S - (pitch-flap coupling). This reduces the blade
pitch which is”impressed by the control system.

The airflow impinging or the tail rotcr is developed from the
free stream, roter wash and fuselage sidewash, together with
body angular rate effects. The total components of velocity
are resolved through the cant angle into the tail rotor shaft
axes system.

The Bailey theory equaticn is normally presentad as the
thrust coefficient in terms of the 't' coefficients. It
should be noted that the equations have been manipulated to
obtain an expressioil for downwash. This was found to be
necessary to obtain an unconditionally stable selution. It is
important that program flow follows the equation flow for a
stable tail rotor solution (Figure 4.1.1).

A blockage factor K is applied to the final thrust output
to account for the Eag§¥mity of the vertical tail. This
correction is empirical and based on flight test data of other
helicopters.

This simplified tail rotor model only calculates thrust. No
account of H force is included in the final tail rotor force
outputs. The tail rotor thrust is finally resolved into force
and moments in body axes, at the center of gravity.
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' 5.4.4 NOTATION FOR THE TAIL ROTOR MODULE
. SYMBOL
. USED IN PROGRAM
: EQUATIONS . MNEMONIC UNITS DESCRIPTION
;% FSTR FSTR INS Fuselage station for tail rotor
&; FSCGB FSCGB INS Fuselage station fcr CG
i Fra KTR FT Tail rotor longitudinal arm
i. wLTR WLTR INS Waterline station for tail rotor
wLCGB WLCGB INS Waterline station for CG
Wrp KTR+1 FT Tail rotor vertical am
BLTR BLTR INS - Buttline station for tail rotor
BLCGB BLCGB INS Buttline station for the CG
BTR KTR+2 FT Tail rotor lateral arm
Yoomr CHIPMR DEG Rotor Wake Skew Ang .
3 EMR AATFMR DEG Longitudinal main rotor f1app1ng
DNSHMR DWSHMR ND Uniform downwash at the main rotor
'SlT OMGTMR RADS/SEC Trimmed roter speed
Ry RMR FT Main rotor radius
EKXTR EKXTR ND Main rotor wash factors
EKYTR EKYTR ND
EKZTR EKZTR ND
VXMRTR VXMRTR FT/SEC Main rotor wash at the tail rotor
VYMRTR ~ VYMRTR FT/SEC
VZMRTR VZMRTR FT/SEC
O‘wF ALFAWF DEG Fuseiage angle of attack
’b WF PSIWF DEG Fuselage yaw attitude
QTRQwF QTRQWF - Dynamic Pressure ratio at the
tail rotor
KQTR KQTR - ~——— .
SIGTR SIGTR DEG Fuselage sidewash at the tail rotor
§;&:}0
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ROTOR MODULE

EQUATIONS

PROGRAM
MNEMONIC

UNITS

DESCRIPTION

VXB
VYB
VZB
VYWFTR
VXITR
VYITR
VZITR
VXGTR
VYGTR
VZGTR
P

q

-
VXTRB
VYTRB
V.TRB
VXTR
VYTR
VZTR
GAMTR
OMEGTR
RTR
MUXTR
MUYTR
MUZTR
MUTR

FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
RADS/SEC
RADS/SEC
RADS/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC
FT/SEC

DEG
RADS/SEC

FT

ND

ND

ND

ND

Body .xes velocities

Fuselage sidewash veloc¢ity
Total interference velocities at
the tail rotor

Body axes gust velocities

Body axes angular rates

Total velocities at the tail rotor
in body axes.

Total velocities at the tail rotor
in shaft axes.

Tail rotor cant angle

Tail rotor trim speed

Tail rotor radius

Shaft axes velocities normalized by
rotor tip speed.
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NOTATION FOR THE TAIL ROTOR MODULE

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
t3.1 Bailey Coefficients
t3.2
t3.3
- B BTLTR - Blade tip loss factor
i G Constant -
3 Arg ATR 1/RADS  Blade section 1ift curve Slope (2D)
%’ brg BTR - Actual number of blades on the
-, tail rotor
g‘ Crr CHRDTR - FT Blade Chord for the Tail rotor
?f 6rrR THETTR DEG Tail rotor commanded blade pitch
E‘ TR TTR LB Tail Rotor Thrust
? ao/T DELTTR - Rate of change of coning with
% R thrust
: 3, DEL3TR DEG Flapping hinge offset angle
;- B]ASTR B1ASTR DEG Blade pitch correction to linear twist
E Orp - DEG Actual Blade pitch
%, DwSHTR DWSHTR . = Uniform downwash at the tail rotor disc
&‘ TWSTTR TWSTTR DEG/RTR Linear blade twist
.. AR LAMBTR = - Tail rogor inflow
S2ur OMGMR RADS/SEC  Actual rotor speed
KBLKTR KBLKTR - Tail rotor blockage from vertical tail
VBVTTR VBVTTR ) Airspeed breakpoint for blockage factor
CDTR CDTR FT Tail rotor drag
# RHO SLUGS/FT®  Air density
XTR XTR LB Tail rotor forces at the CG in
YTR YTR LB body axes
ZTR ZTR LB
5.4-12
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5.4.4 (Cont'd) NOTATION FOR THE TAIL ROTOR MODULE
. {
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS _ DESCRIPTION ‘
Lrn LTR T 18 Tail rotor moments at the CG in
Mrg MTR FT LB body axes
Npp NTR FT LB |
Vgt VKT KNOTS Flight Path airspeed b
3
;
i
|
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Fsre = T32.0 NS
Wik = 324,7 IS
Bo7R = =40 NS
Kre = 5.5 Fr
Rg = 24.862 #a2s /fsse
éﬂ = AL -
Kz = =8 267 /R
/”7,( = 70.0 - pg?
& = 350 D%
Cm = <&/ V=
A = 573 / /R
8 = ' -
4 o < o -
(d_fo = coomsE D%/ 4
o7,
Keyrre = 7%
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5.5 FLIGHT CONTROL SYSTEM MODULE
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5.5 FLIGHT CONTROL SYSTEM MODULE E
5.5.1 Flight Control Simulation Module Description _ ‘
The simulation of the flight control system is presented entirely in
terms of block diagrams indicating the transfer function between
signals. The Background information presented in Section 3.5 of
Volume II complements this description of the control system
simulation. An cverview of the control system simulation nomencliature,
for the various elements, is presented on Figure 5.1.1. The block
diagrams, subsaquently presented, are aligned with the flow of this
figure. It will be noted in studying this section, that the bandwidth
of some control system components is wide. This leads to time
constants of some of the transfer functions being small. For completeness
these components have been retained in the model, thus making it necessary
to provide a test for cycle time in the corresponding algorithms to ensure
unity gain-if cycle time is large relative to the function's time
constant.
(a) Sensors - The transfer functions for the sensors are presented
in Figure 5§,1.2.
(b) Stability Aug¥entation System (SAS) - The simulation definitions
or pitch, roil and yaw SAS channels are shown on Figures 5.1.3 i
(a), (b), and (c) respectively. Each figure incorporates the
representatior of the digital and analog SAS channels. In ' '
general, the helicopter motion sensed by the gyroscopes is
passed through signal conditioning filters before being shaped
by the SAS networks. The signal is then processed through a
washout, if required, and the 2:1 gain change switch. The
switch definition is - ON/ON, both channels working at gain
1.0, ON/OFF, digital channel only working at gain 2.0, OFF/ON,
analog channel only working at gain 2.0. Finally, the signal g
is restricted in amplitude by a 5% authority limit. In the ,
case of the digital channel, the signal is passed through 2 |
zero order hold to account for update delays. A switch in the '
yaw channel inhibits the lagged rate term at speeds above |
60 knots and introduces lagged lateral acceleration for aid in )
turn coordination, 1
The following logic applies for all control system channels:
In the IC Mode: 1. Outputs of all synchronizers are zero.
2. Qutputs of all integraters are zero or
have defined initial values. '
In the Compute Mode: The logic is defined on the block diagrams. |
(c) Pitch Bias Actuator PBA) - The PBA representation is presented i
on Figure 5.1.4. e 1nput signals are derived as indicated,
It should be noted that the pitch rate signal is picked off
2 .
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downstream of the signal conditioning, The three input signals
are limited, passed through a gain and summed to obtain the
signal output to the PBA actuator. The actuator travel is
restricted by a * 3%/5eC rate 1imit and a r 15% authority
1imit. Because the PBA algorithm is computed by the digital
computer, the simulation includes a zero order hold,

r
F1ight Path Stabilization (FPS) - The simulation representation
of the pitch, roll, and yaw rFlight Path Stabilization channels
are presented on Figures 5.1.5 ?a), (b) and (c) respectively.
The synchronization elements in the model must track during
the simulation trimming phase and in the IC mode. During the
compute mode, they must track with thé FPS off, The FFS shaping
networks are relatively straightforward, however, a degree of
complication is intrcduced by the automatic turn coordination
capability. On the helicopter the turn switch is enabled by
several channels of complex logic. For this simulation it is
recommended that the switch be enabled by one path only.

FPS ON, VXBIKT >60 kts, plus trim release
pressed, plus @Pp>20

Exit is by feet on the pedals and trim release pressed. For
analysis purposes the turn switch can be enabled as required.
Since the FPS is computed in the digital computer, the final
output to the trim actuator is passed through a zero order
hold. The trim actuator has 100% authority within certain
control force constraints and is rate limited at 10%/sec.

Mechanical Control System - In addition to its function as a
mixing unit for control coupling, this area in the simulation
is used to bring together the various elements of the control
system computed upstream. The representations of the four
primary controls, main rotor collective blade pitch, lateral
cyclic blade pitch, longitudinal cyclic blade pitch and tail
rotor collective pitch are shown on Figures 5.1.6 (a), (k),
(¢) and (d) respectively. The longitudinal cyclic pitch
channel will be used for purposes of discussion. The outputs
from the digital and analog SAS channels are summed and
processed through the SAS actuator dynamics, resulting in
actuator travel in inches (XBILS). This is summed with the
PBA (XBBAS), the FPS (XBOLS) and the pilot control stick input
(XB+2). The trimming algorithm input (XB+1) is added in the
simulation at this point for cases where trim is accomplished
using the control sticks. The resultant linkage motion is
converted into equivalent degrees of longitudinal cyclic before
being summed with coupled mction from other controls in the
mixing unit., The output from the mixing unit BISMIX is
modified by the primary servo dynamics giving the final
longitudinal cyclic impressed on the main rotor., Additional
inputs are added at this point for use in analysis. Travel
limits for tre rotor head are given on page 5.5,20,

2aac3
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(f) Stabilator - The representation of the analog network '
controlting the stabilator is presented on figure 5.1.7.
The network provides for the feedback of velocity,
collective stick, lateral acceleration and pitch rate
scheduled as a function of forward speed. The output :
from the network is passed through the dynamics of the ' !
1imited rate tail servo. For the simulation provision
is made for ar alternative input (STBSET) for use in
analysis.
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ENGINE/FUEL CONTROL MODULE

Module Description

This engine/fuel control model is basically a linearized represen-
tation with coefficients which vary as a function of engine operating
condition. This model adequately provides for closing the rotor shaft
speed loop throughout the normal operating envelope of the helicopter,
However, maneuvers which result in significant rotor speed excursions
may result in discrepancies in the simulation. A1l the usual restric-
tions and assumptions of linear simulation are applicable and should -
be observed. In an analysis mode deviations from trim are not large,
but for pilot-in-the-loop operation some means of continuously
synchro.nizing the steady state engine torque must be developed. This
engine module should not be used for engine performance evaluation.

The elements of the model are shown on the simplified block diagram
of Figure 6.1.1. They comprise the control interface with Gen. Hel.,
fuel control, gas turbine, power turbine, and rotor shaft speed
degree-of-freedom interface with the Gen. Hel. rotor. This model
which derives total S.H.P. at the rotor shaft by appropriately
factoring the output from one engine is applicable for evaluations

in the governed range. A transmission clutch is represented allowing
disconnect of the rotor drive at zero torque required by the rotor.
This allows autorotations and recoveries to be executed.

Initialization of the engine/fuel control module is accomplished by
using the steady state engine performance required %0 trim the
helicopter simulation in free flight.

A basic background to the complete T.700 engine/fuel control system

i3 given in references 6.6.1 and 6.6.2. A detailed block diagram of
the simulation is given in Figure 6.1.2.

The basic engine control system operation is through the interaction

of the Electrical (ECU, Figure 6.1.3), and Hydromechanical (HMU)

control units. In general, the HMU prevides for gas generator speed
control and rapid response to power demand. The ECU trims the HMU

to satisfy the requirements of the load so as to maintain rotor speed.
The Load Demand Spindle (LJS) is a function of collective pitch

setting and pruvides compensation to reduce rotor transient droop.

Any steady state errors resulting from inconsistent collective
positioning are trimmed by the ECU, In the simulation, this is

trimmed by the difference between actual gas generator speed (from
steady performance data and that resulting from the collective setting).
Thesr ~<haracteristics are implemented in the simulation.
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In general, isochronous governing of the rotor speed is maintained
by developing an error relative to the reference speed and
commanding more or less power to stabilize at the required speed.
Basically, this process involves the speed error demanding a

change in gas generator speed (Ngg) via the shaping of the ECU
electrical network, Figure 6.1.3. This signal is summed with

the LDS input in the HMU, and compared with the actual gas generator
speed. The subsequent error, commands changes in fuel flow

leading to a higher or lower gas turbine speed and changes in

the gas flow. This in turn provides increased or decreased power

at the driveshaft from the power turbine. In the simulation, torque
output from one engine (Qpt) is derived from three sources. From
direct changes ‘in fuel flow, from changes in gas generator speed

and as a result of changes in power turbine speed. These increments
are summed to obtain a total change in engine torgque from trim and
subsequently factored by the number of operating engines and
engine/rotor gearing ratio, to obtain engine torque output to

the rotor shaft.

The interface with the main program is presented on Figures 6.1.1

and 6.1.2. The rotor can be visualized in simple terms as a

damper responding to changes in rotor speed. However, the significant
effect of the rotor relates to the changes in torque loading

as a result of control inputs and changing states. Rotor shaft
accelerations result from torque differences in output from the

power turbine and torque required by the rotor. The simulation is
initialized at trim such that the rotor is at the input speed and

AQ=0. A clutch is modelled, Figure 6.1.4, which will disengage

the rotor from the engine at a zero rotor torque level. When Gen
Hel is being executed in combination with the engine, total engine

torque must replace rotor torque as a reaction in the airframe equations.
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5.6.4 NOTATION FOR THE ENGINE/FUEL CONTROL MODULE
SYMBOL
USED IN PROGRAM 2
EQUATIONS MNEMONIC UNITS DESCRIPTION
(aﬁEQ)TRIM QRQTRM b FT Total torque required at trip.
QTRIM QTRIM 1b FT Filtered torque required by the
main rotor. _
KQ KTRQ - Factor to account for tail rotor
torque plus losses
Qur QHMR b FT Actual rotor torque required.
Neg GGRPM % RPM Gas generator speed
(NGG)TRIM GGSS % RPM Gas generator speed at trim.
NE : NETOT - Number of engines.
NGGLDS NGGLDS % RPM Load demand spindle output.
LDSCAM LDS DEG Load demand spindle rotation.
XC XCPC % COLL Collective stick position.
(Lose)rrim LDSTRM % [RPM Synchronized LDS output at trim.
(TOTFUL),x”" SUM2 LB/HR Total fuel flow.
(NPT)REF NPTREF RPM Power turbine reference
speed, RPM. (Set by sync with
rotor speed at trim).
NPTTOO NPT100 RPM 100% power turbine speed
LDSEI LDS incremental input from trim.
NPTD NPTDP pA RRM Power turbine speed error.
NPT NPT % RPM Actual power turbine speed.
QTRIM QTRIM 1b FT Filtered Rotor Torque
FLOREQ FLQREQ 16 FT Filtered Rotor Torque used in
the clutch model.
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NOTATION FOR THE ENGINE/FUEL CONTROL MODULE

SYMBOL

USED IN PROGRAM

EQUATIONS r~ MNEMONIC UNITS DESCRIPTION

Iog1 1081

VHG VHG
;‘ Vig - VLG
g VG VGVG Electronic Control Unit
s Qryr QINT Shaping Network Variables
3 B BBBBB
9 Ve VSVS
g- VSS VSS
; VDM VDM
3 VDMD VOMD
: M MAMA
?' Voy VTM
g INs INS
g Ecy ECU % RPM Incremental ECU output
b Ge GER - Power turbine to rotor gearing.
: ECUrgr ECUTOT % RPM  Total ECU output
%i ST LSTRNE R - ECU gain constants
: ISP ' SECS ECU time constants

T2, T3 SECS ECU time constants

a, b, - ECU dead band definition

A, B - ECU logic variables

o7 - ECU gain constants

4 Nog ger GGRPMR Y RPM  Demanded change in G.G.

reference speed.
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5,6,4 (Cont'd.)
NOTATION FOR THE ENGINE/FUEL CONTROL MODULE

‘ SYMBOL . | |
v USED IN PROGRAM
) EQUATIONS MNEMONIC UNITS DESCRIPTION
LpsEl % RPM Increment in LDS output
from trim.
ANgee GGRPME . % RPM G.G. speed error.
'} TNGG TNGQ SEC. SPD servo time constant
; A Nf . FUEL " LB/HR Incremental fuel flow demanded
i A We! ACT WF LB/HR Actual metered increment
3 in fuel flow.
E. A P3 Pap Change in compressor discharge
> . pressure.
E Tps TP3 SEC. Lag in fuel feedback loop.
E A Wees INCWF LB/HR Compensated demand in fuel flow i
; TMV MV SEC. Fuel metering valve time constant ?
! i AQGG GGQD . LB/FT Gas generator accelerating torque
A Ngg GGRPMD % RPM Incremental change in gas
generator speed.
KCF . - , Convarsion factor.
JGG SLUGS FT Inertia of G.G. rotor. !
A Qpp PTQ LB FT P.T. incremental torque output }
o per engine. i
‘SQE PTE LB FT P.T.- incremental torque output i
(at rotor speed) i
QE QHEG LB FT P.T. total torque output ;
.é:s OSHAF. . RADS/SEC2 Rotor shaft acceleration
Sl OSHAFT RADS/SEC Actual shaft speed. |
g OMSFO RADS/SEC Initial shaft speed. ;
A NPT NPTD Incremental P.T. Speed From Ref, ‘
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NOTATION FOR THE ENGINE/FUEL CONTROL MODULE

SYMBOL !

|
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
2, OMMRO RADS/SEC  Trim rotor speed. i
[ J
2 e OMRAT. RADS/SEC?  Rotor hub acceleration
2 R - OMGRR. RADS/SEC Rotor hub speed.
2 RAT - Rotor speed relative to trim.
Jrore JTOTE SLUGS FT?  Inertia upstream of clutch
JREST JREST SLUGS FT2 Inerta downstream of clutch
less blades
Kus KHS Gas generator heat sink factor
=
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Module Description

This generalized representation consists of a landing gear
force reaction model complete with all necessary space/body
geometry calculations to track a free helicopter landing onto
a level ground plane. The landing gear is represented by
separate non-linear tire and strut dynamic characteristics as
shown in Figure 7.1.1. Tire in-ground-plane loads are developed
as a non-linear function of the tire deflection and normal
load. These forces are adjusted depending on the friction
criteria which determines tire skid characteristics at the
deck surface. Finally, strut loads are summed with other
external forces and moments at the helicopter CG.

Axes Systéms. Two axes systems are used in this landing
Tnterface module as shown in Figure 7.1.2. All landing gear -
forces and moments are formulated in axes parallel to the
primary body axes system passing through the CG. The space
axes system of which the ground plane is set at WLFD is used

to determine the landing gear proximity to the ground. Inplane
friction forces are cnecked in the space axes system.

Landing gear geometry. In the equations defining the geometry
of the landing gear, rigure 7,1.3: It is assumed that the
strut moves along the line parallel to the helicopter Z axis.
No account is taken of drag linkage constraints which cause
the axle to move in an arc in the X-Z plane. This geametry
together with the Gen Hel calculated position of the helicopter
C.G. position in space,is used to establish the location of
the tire, axle reference and gear reference points for each
gear in space axes. These coordinates are used later to
determine the proximity of tire contact and subsequent tire
and strut deflections.

Determination of tire contact. The determination of tire
contact, for an arbitrary orientation of the helicopter relies
on establishiag the length of a normal 1ine from the ground
plane to the axle reference position. When the distance along
the gear line becomes less than the tire radius, contact has
occurred. Subsequently, this difference is defined as radial
tire deflection. In practice tire contact can occur at any
point on the width of the tire. In the model the contact

point is assumed to be at the center of the tire tread, irrespective

of the distortion resulting from radial or axial leading.

P PO B S
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Determination of tire inplane deflections and loads. In order
to establiish the degree of inplane deflection and corresponding
Toading on the tire, it is necessary to track the intersection
of the landing gear line relative to the ground plane. Essentially

- two equations of the gear line, (each projected into a two

dimensional plane) are solved for the intersection cocrdinates
with the ground plane. When contact for an individual tire is
established, the point of intersection is retained and on
subsequent iterations through the program, tire deflection is
determined by comparing the new and old gear line intersections.
The coordinates of the initial contact are retained until the

tire leaves the groundor is modified by the tire slipping.

The latter aspect is discussed later. Following the transformation
of the deflections into helicopter body axes, the three
components of deflection at each tire are used to enter the

"tire characteristics data file," to obtain the three components
of tire force.

Determination of tire contact conditions. Following the
determination of tire forces from the helicopter/ground plane
relative motion, a test of the ability of the inplane friction
forces to resist the applied forces, without slipping, must be
established. The tire forces obtained in helicopter axes must
be transferred to the ground plane for the friction check.
Classical friction considerations provide for a coefficient of
static friction and a coefficient for sliding friction. In
the former case (when brakes are set), the maximum amount of
inplane load which can be resisted without slipping, is propartional
to the coefficient of friction and the normal loading. When
this level is exceeded, motion will result. Then the force
resisting the motion will depend on a reduced (sliding) coefficient
of friction and the normal force. In practice, there is a
smooth transistion between the two conditions. However, the
model assumes a discrete change. A further assumption is that
the test for frictional loads in the model assumes that X and
Y inplane components can be tested separately. In practice,
the resultant force determines slip conditions. This latter
assumption was made to simplify the model and facilitate the
introduction of brakes. When the brakes are activated, it is
assumed that the wheels are locked. For brakes off, a very

Tow coefficient of friction is introduced into the tire X
direction. The wheel degree of freedom is not currently
represented and therefore spin up (say on landing) inertia
loads are not calculated. If slip is not occurring, calculated
tire forces are passed unchanged. If slippage is occurring,
the inplane forces are set to the value for sliding friction.
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Reinitialization of the original tire contact point as a

result of slippage. Under conditions of no=-slip the tire

inplane deflection is developed from consecutive calculations
of the gear line intersection with the ground plane. During
slip conditions, the contact point for the tire moves and the
initialization of the gear-line intersection must be revised
to reflect the tire movement and establish a new value for the
contact point to be used on the next pass through the program.

Acceleration of the landing gear strut. Under steady conditions,

the Toads transferred to the airframe by the strut will be .
equal to the tire reactions. However, under transient conditions,
the acceleration of the unsprung mass can modify the Tloading.
Under 1ight loading condition (where a significant portion of
helicopter weight is reacted by the rctor), the strut operates
in a preload range. Under these conditions, where tire reaction
load is less than the strut preload setting, tire loads are
transferred to the airframe with zerc strut deflection. Onge
the preload setting is exceeded, the strut (unsprung mass) is -
accelerated depending on its own dynamic characteristics, the
tire applied loads and the unsprung mass. Note that logic
preciudes the equation flow reverting back to the preload mode
until the natural transient provides a zero strut deflection
condition. The strut is assumed to have velocity squared
damping and an isothermal air spring. A software switch is
provided which allows bypassing the strut calculation.” Finally,
the strut loads are transferred to the helicopter CG for
summation with other external forces.

-
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5.7.4 NOTATION FOR GEN. HEL. LANDING SIMULATION ‘
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
XSH SH FT Helicopter center of gravity
YSH. SH+1 ' FT position in space axes.
zSH SH+2 FT
XSHO SHO FT Initial position of helicopter
YSHO SHOH FT in space axes. |
ZSHO SHO+2 FT
VN ’VN FT/SEC Helicopter space axes velocities.
y VE Ve FT/SEC
] Ve Voo ... .. FI/SEC.
2 FSCGB FsSCes INS. Helicopter c.g. less rotor. a
WLCGB WLCGB INS. |
|
a FSNGA ' FSNGA- INS. Fuse. stat. of nose gear strut. :
4 .
> FSMGA FSMGA INS. Fuse. stat. of main gear strut. :
E? BLMGA BLMGA INS. " Butt. stat. of main gear strut
F . ‘
B
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NOTATION FOR GEN. HEL. LANDING SIMULATION .

SYMBQL : ‘

USED IN PROGRAM

EQUATIONS MNEMONIC UNITS DESCRIPTION

WLNGAD WLNGAOQ INS WL. position of free extension

WLMGAQ WLRMGA INS of the axle.

XNGA NGA FT Position of freely extended

XMGA RMGA, LMGA, FT axles in body axes.

YNGA NGA+1 FT

YRMGA : RMGA+1 FT |

YLMGA LMGA+] FT

ZNGA NGA+2 FT

ZMGRA RMGA+2 FT

ZMGLA LMGA+2 FT |

RTN RTNF INS Nominal nose tire radius.

RTM RTMF INS Nominal main tire radius.

A Defined in the Helicopter body to space axes

HBS Motion Modul

otion Module transformation matrix.

XNTSO NTSO FT Nose tire reference position f

YaTs0 NTSO+1 FT in space axes under free '
{

ZNTSO NTSO+2 FT extension. !

XRMTSO RMTSO FT Right tire reference position |

YRMTSO RMTSO+1 FT in space axes under free

ZRMTSO RMTS0+2 FT extension. f
1
|

8.7-29
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SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION

S e AT

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
XLMTSO LMTSO FT Left tire reference position
YLMTSO LMTSO+] FT | in spa?e axes under free
ZLMTSO LMTSO+2 FT extension.
S\NG DLNG FT Nose strut deflection
S RG DLRG FT Right
g LG DLLG FT Left
XNAS NAS FT Nose axle referen: . position
YNAS NAS+1 FT in space axes.
ZNAS NAS+2 FT
XRAS RAS FT Right axle reference position
YRAS RAS+1 FT in space axes.
ZRAS RAS+2 FT
XLAS LAS FT Left axle reference position
YLAS LAS+] FT in space axes.
ZLAS LAS+2 FT
XNGSR NGSR FT Nose gear reference positioun
YNGSR NGSR+1 FT in space axes
ZNGSR NGSR+2 FT
7-30
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& NOTATION FOR GEN. HEL. LANDING SIMULATION ,

SYMBOL f

USED IN PROGRAM

EQUATIONS MNEMONIC _UNITS DESCRIPTION

kMGRSR RMGSR FT Right gear reference sosition

YMGRSR RMGSR+1 FT in space axes

ZMGRSR RMGSR+2 FT

XMGLSR LMGSR FT Left gear reference position

YmaLsR LMGSR+1 FT in space axes

ZMGLSR LMGSR+2 FT -

WLFD WLFD FT Height of ground plane.

dNNA DNNA FT Normal distance from the ground

dNRA DNRA FT plane to axle reference point for i

dy, 4 DNLA FT nose, right and left gear.

Cos Vne CSANG - Direction cosines of gear -

Cos B e CSBNG Tine.

Cos ¥ g CSGNG

S\TNG DLTNG FT Nose tire radial deflection. ;

$ Tre DLTRG FT Right tire radial deflection. |

$ TLG DLTLG FT Left tire radial deflection. |

(a)NG,.RG, LG Coefficients of gear line !

(b)NG, RG, LG equation projections in 2D

(C)NG, RG, LG for the nose, right and left ,

(d)NG, RG, LG 1and'ing gear. '
\
|
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UMITED .
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pocuMENT No.  SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL

USED IN PROGRAM

EQUATIONS MNEMONIC UNITS DESCRIPTION

(XID)NGO IDNG FT Initial deck contact positions
(YID)NGO IDNG+1 FT before distortion of tires.
(ZID)NGO IDNG+2 FT

(*1p)rgo IDRG T

(Y1p)rao IDRG+] FT .

(ZID)RGO IDRG+2 FT

(XID)LGO IDLG FT

(YID)LGO IDLGHY FT

(ZID)LGO IDLG+2 FT

(XINT)NG INTNG FT Intersection of gear line with
(YINT)NG INTNG+] FT deck plane in space axes for
(ZINT)NG INTNG+2 FT the nose gear. ,
(XINT)RG INTRMG - FT Intersection of gear line with ‘
(YINT)RG INTRMG+1 FT deck plane in space axes for
(ZINT)RG INTRMG+2 FT the right gear.

(XINT)LG INTLMG FT Intersection of gear line with
(YINT)LG INTLMGH1 FT - deck plane in space axes for
(ZINT)LG INTLMG+2 FT for left gear.

(A%)g DELNG FT Tire deflections in the deck
(AY')NG DELNG+1 FT plane for the nose gear.
(8Z)yg DELNG+2 FT

(AX)pa DELRNG FT Tire deflections in the deck
(LLY)RG DELRNG+1 FT plane for the right gear.

( AZ)RG DELRNG+2 FT

5.7-32

PAGE’

SA 29 REY. 6




~

-

Iy S8 [Eaand

NEY DY Ml Dt 4

QN
3
R
3
¥
.
X
3

SIKORSKY 3V |
AIRCRAFT TECHNOLOGHES © pocument no.  SER 70452
NOTATION FOR GEN. HEL. LANDING SIMULATION
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
(Ax)LG DELLMG FT Tire deflections in the deck
(AY)LG DELLMG+1 FT plane for the left gear.
(42) ¢ DELLMG+2 FT
(AX)ng DELHNG FT Tire deflections in heficopter
(A¥) e DELHNG*+1 FT body axes for nose gear.
(AZ)ne DELHNG+2 FT -
(AX)HRG DELHRG FT Tire deflectiond in helicopter
(AY)pe DELHRG+1 FT body axes for right gear.
(AZ)HRG DELHRG+2 FT
(Ax)HLG DELHLG - FT Tire deflection in helicopter
(AY)HLG : DELHLG*+] FT body -axes for left gear.
(4 Dyis DELHLG*2 FT
[A HSB] (= E\HBS]T) Helicopter space to body axes
transformation matrix.
(KTX)y p. L KTXN.R.L 1b/FT Tire 3 component stiffness ‘
(KTY)"‘I R. L KTYN,R,L 1b/FT coefficients - Note that these i
(KTZ)y g | KYZNsR,L 1b/FT can be replaced by loading maps. 5
E] ? i
(X)FTHN FTHN LB Tire forces in helicopter !
Y)FTHN FTHN+ LB body axes for the nose gear.
(Z) erin FTHN+2 L8 |
[}
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SIKORSKY 3 "W
AIRCRAFT

-~

NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
() iR FTHR LB Tire forces in helicopter 4
() prur FTHR+1 LB body axes for the right gear.
(2) e1ur FTHR+2 L8 \
(XY FTHL FTHL LB Tire forces in helicopter |
(Y)FTHL FTHL+1 LB body axes for the left gear.
(Z)FTHL FTHL+2 LB
dM DMDM INCHES Main gear tire diameter
dN DNDN INCHES Nose gear tire diameter
~ Py PMRPMR 1b/in®  Main gear tire pressure i
f Py RAT PRM 1b/in®  Main gear rated tire pressure :
: .
§ NTN NTN - Na. of tail gear wheels
; NTM NTM - No.. of main gear wheels .
%; PN PNPN ]b/in2 ~ Nose gear tire pressure i
;. Pen RAT PRN in/in®  Nose gear rated tire pressure
3 |
: (X)FTDN FTDN LB Tire forces in the space axes but |
é’ (Y) rron FTDN+! LB aligned along helicopter X axis |
s (Z) Frpy FTDN+2 L8 for the nose gear. ‘
,?' (X) R FTDR LB Tire forces in the space axes but
; (Y)FTDR FTDR+1 LB aligned along helicopter X axis |
;’ (Z)FTDR FTDR+2 LB for the right gear. 1
; '(X)FTDL FTOL LB | Tire forces in the space axes but '
o (Y)FTDL FTDL+ LB aligned along helicopter X axis ) }
(Z) prpL FTDL+2 LB for the left gear.
5.7-34 .
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NOTATION FOR GEN. HEL. LANDING SIMULATION
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS _ DESCRIPTION
Kus KMUXX Factor for brakes
BRK KMUXBK Value of Kug brakes on.
NBRK KMUXO Vaiue of Kua brakes off. :
; /a_ KMU Longitudinal tire coef. of friction. "
: X “TDNM LB Max. friction load that can
: FTDNM 4 ) . . .
t XerprM FTDRM. L8 be sustained in the X direction.
E XFTDLM FTDLM LB
E KSLIP KSLIP Factor for sliding friction.
3 YeTonM FTDNM+1 LB Max. friction load that can be ';
3 o FTDRM+ L8 sustained in the Y direction.
3
F YFTDLM FTDLM+1 LB
g ((A X)g ply  DELSPN FT Amount of tire deflection
((AX)gp)g  DELSPR FT sustained during slip conditions :
2 ((AX)gp),  DELSPL FT in the X direction. ;
' |
(A Ysiply DELSPN+1 FT Amount of tire deflection 3
{AYg plg DELSPR+1 FT sustained during slip conditions
(AYSU,)L DELSPL+ FT in the Y direction. ’ r
i
}
.7‘35 i
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SIKORSKY 3
AIRCRAFT TECHNOLOGIES 5 oocuMeENT no.  SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION : )

¢ SYMBOL |

;? USED IN PROGRAM
Eé EQUATIONS MNEMONIC UNITS DESCRIPTION
?; (X)FTAN FTAN LB Tire forces and moments at the
(Y)FTAN FTAN+1 LB axle.reference position, nose
(Z)FTAN FTAN+2 LB gear.
(L) pran FTAN+3 BT
(M) eray FTAN+4 FT
(N)FTAN FTAN+5 FT
(x)FTAR FTAR LB Tire forces and moments at the
(Y)FTAR FTAR+1 LB axle reference position, right
(Z)FTAR FTAR+2 LB gear.
(L) prag FTAR+3 FT
(M) e7aR FTAR+4 FT ;
(N)FTAR FTAR+E FT :
(X)FTAL rTAL LB Tire forces and moments at the
(Y)FTAL FTAL+1 LB axle reference position, left
(Z)FTAL FTAL+2 LB gear.
(L) praL FTAL+3 FT ;
(M) FTAL FTAL+4 FT ,
(N)FTAL FTAL+5 FT i
[
- (AX)SLPSN DELSSN FT Amount of slippage of gear i
7 (AY)SLPSN DELSSN+1 FT intersection point is space :
8 (AZ)SLPSN DELSSN+2 FT axes, nose gear.




SIKORSKY '~ 1
AIRCRAFT W ik

TECHMNOLOGIES DOCUMENT Q. SER 70452

NOTATION FOR GEN. HEL. LANDING SIMULATION

SYMBOL
USED IN PROGRAM
EQUATIONS MHEMONIC UNITS DESCRIPTION
1
|
(4>X)SLPSR DELSSR FT Amount of slippage of gear
(ZkY)SLPSR DELSSR+1 FT intersection point is space
ZBZ)SLPSR DELSSR+2 - FT axes, right gear. :
(AX)SLPSL DELSSL FT Amount of slippage of gear
| (ASY)SLPSL DELSSL+1 FT intersection point is space
| (B2)g pg, ~ DELSSL#2 FT axes, left gear.
i 0
i (SWNG DL..NG FT Wheel axle motion along strut
i (&)pg DL..RG FT line
(§)5 DL..LG FT i
§ .
(3 e DL.NG FT ,
" ($ )pg DL.RG FT
E} (8)Lg DL.LG FT
1 (8 )ya DLNG FT
i
;._: (§)e DLRG FT
(§) DLLG FT ;‘
ForeN FPREN LB ‘Nose gear strut preload. l
. ) ‘
FPREM FPREM LB Main gear strut preload. |
FSTRN FSTRN LB Strut force transferred to
FS’RR FSTRR LB airframe for the nose, right
FSTRL FSTRL LB and left gear. |
Myg MASNG SLUGS Unsprung mass of nose gear. "
MMG MASMG SLUGS Unsprung mass of main gear.

ORIGINAL FAGE 19
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NOTATION FOR GEN. HEL. LANDING SiMULATION

SYMBOL.

USED [H PROGRAM

EQUATIONS MNEMONIC - UNITS ™  DESCRIPTION

CNG CNG LB/(F’T/SEC)Z Velocity squared damping for

CMG CMG LB/ (FT/SEC) nose and main gear struts

RTRTT RTRTT FT/SEC | Velocity break points on

LFRTT LFRTT FT/SEC | strut damping '

CRGH CRGH LB/ (FT/SEC)® | Corresponding damping coef.

CLGH CLGH LB/(FT/SEC)? | of velocity squared damping

CRGL CRGL LB/ (FT/SEC)? | for the main gear.

cLGL cLGL L8/ (FT/SEC)?

KOLEOM KOLEQM LB-FT Isothermal air spring coef. main gear.
KSP+7 T | Free extension of main gear.
5 KSP+10 FT ;

KOLEON KOLEON LB-FT [sothermal air spring coef. nose gear 7

KSP+6 FT Free extension of nose gear.

(X)FGRN. FGRN LB - | Gear forces and moment at

(Y)FGRN FGRN+1 LB the gear reference positions =
: (Z)FGRN FGRN+2 LB nose gear. i
;; (L)FGRN FGRN+3 FT :
; (M) eary FGRN+4 FT =
: (N) FGRN FGRN+5 FT j
y (X)FGRR FGRR -~ LB Gear forces and mcment at ?
-:_[ (Y)FGRR FGRR+1 L8 | the gear reference positions -
r (Z)FGRR FGRR+2 LB right gear. 0
Em (L)FGRR FGRR+3 FT L
: (M)FGRR FGRR+4 1 1
4 (N)FGRR FGRR+5 F1

SIKORSKY AIRCRAET o, Swer NRIGINAL TAR 19
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NOTATION FOR GEN. HEL. LANDING SIMULATION )

SYMBOL \

USED IN PROGRAM .

EQUATIONS MNEMONIC UNITS DESCRIPTION

(X)FGRL FGRL LB Gear forces and moment at

(Y)FGRL FGRL+1 LB the gear reference positions =

(Z)FGRL FGRL+2 LB left gear.

(L) pgaL FGRL+3 FT -

(M) egrL FGRL+4 FT

(N egr,  FGRL®S FT

XL . XLG LB Total gear loads at the

Yia YL@ LB helicopter CG in body axes.

24 ZLG LB

LLG LLG FT

MLG MLG FT s

NLG NLG FT
i
I
b,
|
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5.8.1 Module Description

WA 29 REY &

This module simulates the effect of ground proximity on a
helicopter by modifying the main rotor downwash equation.

'S

The modification factor was derived from Black Hawk hover-
power flight test resuits (Reference 5.8.6-1).

The modification factor is reduced as flight speed is increased
at constant height by a wake angle correction

It"is likely that recent and on-going research on this subject
(Reference 5.8.6-2) will lead eventually to an empirical model
describing the Tocal rotor inflow velocity due to the hyper-
bolically shaped ground vortex and its image that has been
shown 1o exist at low speeds. Unfortunately, sufficient data
for corrciation of such a model has not yet been published.

PAGE

I A e e
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/% 77

Z = (Pume— wignD) —
. /2 4

The part is square brackets [ ] is the ground proximity effect
(usuaHy switched to 1 when 2>5 x R), the rest of the equation
is as quoted in the mam rotor downwash section.
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- 5.8.4 HOTATION FOR THE GROUMD EFFECT MODULE
SYMBOL
USED IN PROGR/M .
EQUATIONS MNEMONIC UNITS DESCRIPTION
CT CTHAMR - Main rotor thrust coefficent
Dwo DWSHMR Main rotor uniform self induced
velocity -
KCT KCTMR - Thrust’ gain -for uniform downwash
R RMR FT Main rotor radius
S - Laplace operator ;
TDNO TDWOMR SEC Time constant for uniform
downwash calculetion
2z FT .eight of rotor hub above ground
A LAMBMR Main rotor inflow (=/‘Z -0y )
s 0
/u UTOTMR - Total main rotor inflow
Tot - 2 _ 2 2 4172
(‘[/"‘xs Vas * AL 179
/L‘X MUXSMR - Velocity in X direction, shaft axes
3
My MUYSMR - Velocity in Y direction, shaft axes
s
/u 7 MUZSMR - Velocity in Z direction, shaft axes
s
WLMR WLMR IN Waterline Station of Rotor Hub
WLGND WLGND IN Waterline Station of the Ground
(Nominal)
V2 Vz FT/SEC Vertical Velocity ‘
5.8-5
PAGE
SA 29 REY. 6
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Input Data

No separate input data is required. The parameters .115 and
2/3 in equation 5.8.2-1, were empirically derived from data in
Reference 5.8.6~1 which is pertinent to Black Hawk aircraft.
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Gust Module
Description

This module produces local air velocities at all rotor-bldde
segment positions and at the fuselage and empennage aerodynamic
centers, caused by various types of gusts. The input gusts may
be discrete or continuous.

The output velocities are calculated in the local axis-system
in which they are to-be used. Thus the fuselage and tail terms
are in body axes while those at the blade segments are in blade
flapped and lagged axes.

The discrete gusts are characterized by having a front line desigmating

the beginning of a disturbance, travelling through the atmosphere
at velocity V w On a compass bearing & (Figure 5.9.1.1). Behind
. this front Tine, the change in air velocity can assume a step or
rounded ramp or pulse shape, characterized by a magnitude VHGAMP
and rise-time G D (Figure 5.9.1.2). Since the aircraft

is defined to bé }§ying initially at v on compass bearing ¢9 0°
the gust front can sweep across the aigzéaft (or be penetrated b§
the aircraft) from any direction and at any speed, by manipulating
the relative speeds and compass bearings.

The continuous gusts are represented by the Dryden Model. The
gust is assumed to be aligned with the aircraft heading such that
only longitudinal and vertical vectors are defined. This is a
necessary restriction, which avoids frequency shifts that would
invalidate the gust spectrum model. At aircraft trim speeds
greater than 50 ft/sec, a stationary qust field is traversed by
the aircraft; at trim speeds less than 50 ft/sec, the qust field
traverses the aircraft at 50 ft/sec. While the latter process

is not a very appealing artifice mathematically, it is necessary
in order to avoid unrealistic time lags in the gust definition

equations and flying the aircraft in a constant up or down-draught
at hover.

A penetration distance G (ft.) is defined which represents the
distance that the aircraft reference hub centroid has penetrated
into the gust. Initially the gust front is assumed to be close

to the edge of the rotor disk in the upwind direction.

A rearward approaching gust is not possible without further
manipulation of the model. The propagation rate of the qust field
across the rotor is defined by VF D which then allows the penetra- '
tion of any blade-segment, to be Ea1cu1ated (GPRjk,see figure 5,9.1.3),

- PL/ Y S R S A R
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Description (Continued)

For the discrete gusts GPR., s introduced expl- ~1v into the
profile equaticns and the gust increment can b 2d
directly. However, for the continueus gust ¢ -r a table
of qust values, determined at fixed time (diste ! 1ntervals,

(TABINK) are available. These data are obtainea by passing
independent, Gaussian, unit R.M.S.noise signals, produced by
passing uniformly distributed white noise through the inverse
Gaussian distribution function (Reference 5.9.6-2), through the
Oryden filters. The assumption is made that perturbdations in
speed and heading are small encugh such that the time constants
in the dgust functions can be considered constant, and that data
can be loaded into the tables at fixed displacement intervals.
These assumptions are consistent with the frequency/:irspeed
contraints of the Dryden Model application.

The gust velocities generated by either discrete or continuous
functions, are in an axis set defined by the hcc~izontal gust
front. Three transformation matrices are required to orient
into the blade axes and one for tne body axes. These velocities
are added to the other local velacities at the various stations.

-The vertical gust component contributes to the total inflow of

the main rotor., Because a basically uniform inflow is assumed

in the Gen Hel rotor simulation, the change in inflow can be
simulated by adding a representative velocity over the whole

disc, The division of the blade into segments in Gen Hel is

such as to give equal areas of swept annuli, making it possible

to take a simple mean as the represzntative velocity of the
additional inflow. Following the transformation of the z-direction
component from space to (through body ) shaft axes, the mean
incremental velocity (VGAVMR) can be aaded to the downwash

equation to compensate the total inflow.

The gust velocity at the fuselage is assumed to be the same

value experienced at the rotor hub. The empennage velocities are
based on the hub velocity with an approximate time delay to
account for the penetration of the specific component.

This model of gust penetration may he criticized on the grounds

that the point fuselage airload used is not consistant with

the detailed penetration of the rotor blades. Fixed wing simulations
commonly ovércome the distribution problem by introducing correlated
non-inertial rotational rates due to qust (Reference 5.9.6-1),
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Description (Continued)

It is felt that the separation of the tail used here, accounts for a
sufficiently large portion of the non-rotor component gust distri-
bution effects and that further terms (for which there are little

if any data) are unnecessary. In the same vein it is sufficiently
accurate (and convenient in the implementation) to assume the
aerodynamic center of the fuselage to be at the c.g.

Discrete lateral gusts may be handled by orientation of A
However, the continuous gust case is invalidated by usin aWy

value other than zero for gbw, due to apparent frequency shifts
in the gust spectrum, :
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5.9.4 Notation for Gust Module

i SYMBOL

' USED IN PROGRAM

¥ EQ?ATIONS MNEMONIC UNITS DESCRIPTION
ib‘ PSIDOT RAD/SEC . Rate of Change of A/C Heading
Yy PSIB _ DEG A/C Heading

: Yoo PSTBO DEG Initial Heading

E Yoy PSIRH DEG Relative Wind Heading

E v, PSIWD ' DEG Wind Heading

3 VKT VKT KNOTS ~ Adrspeed

f% VHi VHW FT/SEC Wind Speed

E VFLD - VFLD FT/SEC - Gust Propagation Rate

E AD TABINK FT Gust Table Space

g' TIME TIME SEC Integration Time Interval

? AFT DELFT FT Table Initial Dead Space
FSMR FSMR INS Fuse, Station for T.R. Hub
FSTR FSTR INS Fuse., Station for T.R. Hub
Rur RMR FT Radius of Main Rotor
INPENT INPPNT - Table Loading in I.C. Mode
MAXPNT MAXPNT - Maximum Table Points
GO GO0 FT (= Ry )
GP TABRUN FT Table Run Distance
ICUPD _ ICUPD FT Start of Data in Table
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5.9.4

Notation for Gust Module (Continued)

3
;
3
i

" SYMBOL

USED IN PROGRAM

EQUATIONS MNEMONIC UNITS DESCRIPTION

TABLEH TABLEH - Table of Horizontal Velocities

TABLEV TABLEH - Table of Vertical Velocities

g GGGPRM FT Hub Centroid Penetration
Distance

£ KSGMR ND Normalized Qffset

Yo KMRBK1 ND Distance from Hinge to
Segment Midpoint

wMR PSIMR DEG Rotor Azimuth Position

§ LGMR RADS Lagging Angle

GPR' GPRSP FT Penetration of Any Blade
Segment

TABMAX TABMAX - Max Number of Table Locations

GMAX GGGMAX FT Max Distance in the Tables

VHWG VHWG FT/SEC - Horizontal Gust Velocity

VWG VvhG FT/SEC Vertical Gust Velocity

VHGAMP VHGAMP FT/SEC) Discrete Gust Profile Amp-

VVGAMP VVGAMP FT/SEC) litude Functions

GHDIS GHDIS FT ) Discrete Gust Profile Dis-

GVDIS GVDIS FT ) tance Functions

ou g Dryden Filter Inputs

oV g

Lu )
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5.9.4 Notation for Gust Module (Continued)
SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
Lv
4?“ GAUSSH - ) Horizontal and Vertical
) Gaussian Random Mumber
)
OZV GAUSSY - )
LAC LPRAC FT Rotor to CG Offset
FSCGB FSCGB INS Fuselage Station for-C.G.
FSMR FSMR INS Fuselage Stations for Main
Rotor
GPAC! GPACP - -FT Gust Penetration of C.G.
ey THETAB DEG Airframe Pitch Attitude
28 PHIB DEG Airframe Roll Attitude
ie DEG Long. Rotor Shaft Incidence
i¢ DEG Lat. Rotor Shaft Incidence
T1 TIMAXT - Space+Body Transf, Matrix
T2 » T2MAXT - Body+Shaft Transf. Matrix
Tq T3MAXT - Shaft+~Blade Transf. Matrix
VHIGR VHWGR FT/SEC Horizontal Gust Vel, from
Table
VVWGR VVWGR FT/SEC Vertical Gust Vel. from
Table
UPGMRD UPGMR FT/SEC ) Three Component Gust Velocities
at the Blade Segment
UTGMRD UTGMR FT/SEC )
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5.9.4 Notation for Gust Module’ ﬂ
SYMBOL
USED IN PROGRAM
EQUATTIONS MNEMCNIC UNITS DESCRIPTION |
URGMR URGMR FT/SEC ) '
UPGMR - ND ) Three Component Interfer-
Jence: Components at the
JRotor. Summed to Memory
UTGMR T - ND ;UPIMRI, UTIMRI, URMRI. |
URGMR - : ND ) !
AT LAMBMR ND Total Normal Rotor Inflow
Velocity *
My MUZSMR - ND Vertical Shaft Velocity,
s Mormalized
DWo DWSHMR "~ 'ND Uniform Component of Down- :
Wash i
VGAVMR VGAVMR ND Average Gust Velocity at the '
Retor Disk
VZSGUS . FT/SEC Vertical Shaft Component,
Av, Gust Velocity
o OMGTMR RADS/SEC Rotor Speed
bMR BMR - Number of Rotor Blades :
NSs NSS - Number of Segments/Blade ;
VHWGAC VHWGAC FT/SEC ) Horizontal and Veritcal Com-
) ponents of Gust Velocity at
VVHGAC VVWGAC FT/SEC ) the Fuse C.G. .
VXGWF VXGWF FT/SEC ) Components of Gust Velocity ,
) in Body Axes at the C.G. l
VYGKF VYGWF FT/SEC 3 '
. \,
VZGWF VZGWF FT/SEC ; |
5,9-21 |
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5,0,4 Notation for Gust Module (Continued) _
SYMBOL : ‘
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION |
Vxb VX8 FT/SEC Body Axes Longitudinal ' |

Velocity
. -
VXG' VXG
Components of Gust Velocity
VYG VYG FT/SEC - at the Horizontal Tail, g
. HT HT Vertical Tail and Tail Rotor. ‘
VZB - VT VZG VT
~ TR ~ TR
{
|
i
l
i
i
|
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t §.9.5 Data
!

The only data of concern here are the continous gust power |
specirum parameters. All other data is defined elsewhere in L

P Gen Hel or is arbitrary (e.g. V and G describing a !
: discrete gust). HEAMP HDIS

The following values are taken from Reference 5.9.6-1:

A iy e i S TR .

Altitude Altitude |

(h) 1750 ft (h) >1750 ft |

L, 1750 145 1173 ;
- |

L, 1750 h 3

o
Ty / Lu/Lw w

(For lateral gusts, o‘v =0'u and L = L.)
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5.9.6 References
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Airplanes", AFFDL-TR-69-72, C. R. Chalk, et. al.,

August 1969.

2. "Modeling Turbulence for Flight Simulation at NASA-Ames" , ' E

CSCR No. 4, Benton L. Parris, January, 1975. i i
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Helicopter Motion Module

Module Description

The forces anu moments derived from the various simulated
components of the aircraft are summed to develop the total
external forces and moments at the airframe center of gravity
in body axes, Figure 10.1.1. Introduced at this point, for
convenience, are the gyroscopxc moments resulting from rotating
components. These equations are set up to cover any number of
items of rotating mass aligned with the three body axes. The
total external forces and moments are introduced into the
general equations of motion from whith the 6 components of
acceleration are solved. It will be seen by comparing

with those on page 116 of Reference 10.6.1, that certain.
small terms have been eliminated. It should be noted that
these are the equations of the aircraft less rotor blades,
(which have their own degrees of freedom) and the appropriate
mass is used. In order to obtain stable solutions under all
operational cenditions it is recommended that some velocity
prediction technique be used in the determination of the body
axes velocities,as presented. It should also be noted that
since the p and r equation are coup]ed they should be solved
simultaneously as written. The Euler angular rate equations
are given, followed by the body to space velocity axes transfor-
mation. Large angles are assumed.

The three component equations of motion for any specified
point on the helicopter are presented in general form basically
for output. However, lateral accaleration is fed back to the
control system. It is recommend that at least two entries to
these equations be provided to cover subsequent analyst require-
ments. The remaining equations in this section are provided
for analyst output.
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BODY AXES SYSTEM
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W
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y 1 \5\3 W

Za |
if Xb, Yb’ Zb Body Axes System.
: Center of Gravity.
; to Aircraft Center Line.
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S./0.3 Her)CoPTER MOTION MODULE ERUATIONS

SUIM ATION OF LXTERNALLY™ F44,15D FPEES AND MIMENTS

AT THE CENTER OF ShAviTy”
SOMXB =  Xwe * Xeg * X5 * Xy = Xg 7 Xapy
SUMYE = Ve + e *Yr *YuE * Ve * Yomw
SM28 = L * Lrg *Zr L * Zug * Zanp
SOMLB = L # Lg Py FLE Fhie F Law * Aoy
C SOMME = My, A My FM f-MM: Mg T Mag + M

-4
SUMNE = Ny + N *Np # Ny TNy F Nay + Mg
g - N
: W = .
% e A ugr 5(@r‘ Ho{m)

N
Hrgy = 2 (T45v: # Nygy:)

=/

o7 = 2 (Gpre hppe)

Ly = e () - Ay (2)
Mey = Hy(r) * Hzgr (P)
Yor = Hgr (2) = Hreor(p)
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TRANKSLATIONAL — VenocIry FREDICTDLS

'@(g) = /Xé/é‘d Mé /é'/J (Ab/Z)
V)’é(:) = By 5’&(4,_?,) (4/2)

oy, = Ve * Veg (44)
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Vidoor = Fves (;s‘ow&-mwm% ) g ,45,‘4/___¢ %
Veasor = s (Somva + oy én8 51 &) # prs— Vi
Vz o008 = ‘9//»/;;9 (&JMZA * Nap L8, %c/%) 2 V,{é/ “/é/f i
FPror = __z__ /JUMAS-—- (.Z'z-f)fr *Ziz (P2 }
(Z%-75) = (%)

+_Ixz ScmNg = (Iy =L, ) p Zy
Vs [( (Zr-Z)29 - xz(’”?)]

Goor = _1 [ Somma — (Ix-I * Za(7=F
£ [ommtoi )

Kpor = Lx SomNE —(fy'&)fﬁ‘[\'zé"ﬁ{f

( Lz "-Z;'zz) .
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5.10.4 NOTATION FOR THE HELICOPTER MOTICN MODULE ‘ ’

SYMBOL . !
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
SUMXB ; SUMXB LB Total external force acting at
SUMYB i SUMYB LB the fuselage c.g. along the X Y
SUMZB - SUMZB LB and Z axes respectively
SUMLB SUMLB FT LB Total external moments acting about ,
SUMMB SumMMB FT LB the X, Y and Z axes respectively : !
SUMNB SUMNB FT LB ‘
(...)MR Main rotor components
(u..)TR Tail rotor components
(....)NF Fuselage components
(W.JT Empennage components
(...)LG Landing Gear components
(.M)ADD Additional Arbitrary Inputs
HXGY HXGY Gyroscopic effects, angular
HYGY KYGY Momentum )
Ho gy HZGY !
JXGY JXGY SLUG FT2 Rotation inertia about the X, Y and
JYGY JYGY SLUG FT° Z axes respectively.
JZGY JZGY SLUG FT¢ ;
Wygy WXGY RADS/SEC| Rotational speed of components. ‘ ;
NYGY WYGY RADS/SEC i
wZGY WZGY RADS/SEC
LGY LGY FT LB Gyroscopic effects. Total
MGY MGY FT LB moments in body axes. .
NGY NGY FT LB
i
h
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5.10.4 NOTATION FOR THE HELICOPTER MCTION MODULE

SYMBOL
USED IN PROGRAM
EQUATIONS MNEMONIC UNITS DESCRIPTION
"'
VXb' FT/SEC Half pass predicted body axes
Vi FT/SEC | velocities. ’
) VZb' FT/SEC

W WEIGHT L8 Aircraft gross weight
I, IX SLUGS FT? Inertia about body X-axis
Iy Iy SLUGS FT® Inertia about body Y-axis
I, 1z SLUGS FT? Inertia about body Z-axis
ez IXZ SLUGS FT? Cross coupling inertia
wbd WTBOD LB Weight of the body
FSCGB FSCGB INS Fuselage station of the body c.g.
wLCGB WLCGB INS Waterline station of the body c.g.
BLCGB BLCGB INS Buttline station of the bedy c.g.
Vyp VXBDOT FT/SEC?  Accel. along X-axis
Vg VYBDOT FT/SEC?  Accel. along Y-axis
Vpp VZBDOT FT/SEC?  Accel. along Z-axis

PDOT RADS/SEC2 Angular accel. about X-axis

QDoT RADS/SEC2 Angular accel. about Y-axis

RDOT RADS/SEC?  Angular accel. about Z-axis
be VXB FT/SEC Vel. along Y-axis
Vyb . YXB FT/SEC Vel. along Y-axis
VZb YZ8 FT/SEC Vel. along Z-axis

5.10-15
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5.10.4  NOTATION FOR THE HELICOPTER MOTION MODULE
‘ SYMBOL
i USED IN PROGRAM
? EQUATIONS MNEMONIC UNITS DESCRIPTION
1 P RADS/SEC Angular rate about X-axis
Q RADS/SEC Angular rate about Y-axis
r R RADS/SEC Angular rate about Z-axis
8 THEDOT DEG/SEC Pitch rate
Qb PHIDOT DEG/SEC Roll rate
¥y PSIDOT DEG/SEC Heading rate
Qb ~ THETAB DEG Pitch
¢b PHIB DEG Ro11
99b PSIB DEG Yaw
PD PDEG DEG/SEC Angular rate about X-axis
dp QDEG DEG/SEC Angular rate about Y-axis
) RDEG DEG/SEC Angular rate about Z-axis
SNTHEB - SIN(THETAB)
CSTHEB - COS(THETAB)
SNPHIB - SIN(PHIB)
CSPHIB - COS(PHIB)
SNPSIB - SIN(PSIB) -
CSPSIB - COS(PSIB)
A - - Body to space axes transformation
HBS matrix.
VN VN FT/SEC Velocity to the north
v VE FT/SEC Velocity to the east
v vZ FT/SEC Velocity down
5.10-16
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5.10.4 NOTATION FOR THE HELICOPTER MOTION MODULE

SYMBOL i
USED IN PROGRAM ‘
EQUATIONS MNEMONIC UNITS DESCRIPTION
NORTH NORTH FT Position north
EAST EAST FT Position east
ALT ALT FT Altitude
; Ve ve FT/MIN  Climb velocity
; 347 -~ GAMTRU DEG True climb angle
é
3 Ny NX G's Body Axes load factors
;‘ NY NY G's . |
5! NZ G's
§ VKT VKT KNOTS Velocity in X-Z plane
% 0<F ALFRE DEG Free stream air flow variables
: A  BETFRE DEG
E 9 QFRE  e/FT?
d FSPS ‘ 'FSPSi INS Fuselage station of point of interest
@ ' WLPS wLPSi INS Waterline station of point of interest f
?: BLPS BLPS, INS Buttline station of point of interest !
! 1ps FT Longitudinal arm i
hps FT Vertical arm %
bps FT Lateral am
Aps ~ AYPS FT/SEC®  Point #1 accel. along X-axis
Ayps AYPS1 FT/SEC2 Point #1 accel. along Y-axis {
Azps AZPS1 FT/sEc?  point #1 accel. along Z-axis ;
f
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5.10.4 NOTATION FOR THE HELICOPTER MOTION MODULE . ' "
SYMBOL |
USED IN PROGRAM .
EQUATIONS MNEMONIC UNITS DESCRIPTION
Vsps VXPS1 FT/SEC  Point #1 vel. along X-3xis.
V_yps VYPS1 FT/SEC Point #1 vel, along Y-axis.
Vzps VZPS1 FT/SEC Point #1 vel. along Z-axis. ‘
{NGBL LNGBL1 DEG Longitudinal ball. '
LATBL LATBL1 DEG Lateral tall,
%
" ;
i
j
I
I
i
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JXGY, = 0.//6 WG, = A/88.0
TGy, = 0.4 Vigyn = A094.0
JrGY; = 0.082 WAGY; = 629.0
Tygy = o715 wyey, = J27.)
V267, = /8.0 NZGY = 37.0

R DorwnrsH CoRRETIION TERMS

Yarp = /D45 Clpee
V3 -;?a"{/ém: 40") Lopp = — (70 a /'/7/5»«9@&5
IE Fo a,é’yp°zo°) Lasp = "(70 "'5"57‘/3%‘) & o
>0 Map = 5, J Pra  imer Map & 390.
Yoo = Myp Bregr
7 Bur <o Mep = 38.9 Bue Lwnr My >-297.
Moo = May Qe
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DEFINITION OF THE BLACK HAWK COCKPIT
Overall Cockpit Arrangement

The overall layout of the cockpit environment is shown on the
photograph, Figure 1.1. This general view is supported by
jdentification of cockpit components on Figures 1.2a and 1.2b.
The cockpit geometric definition,relating to the pilot's seat,
controls and instrumentation, is’ presented on Figures 1.3,
1.3b and 1.3¢ as 3-view general arrangement drawings. Diagrams
defining the upper and lower consoles are shown on Figures 1.4
and 1.5 respectively. The most significant items are the switching
functions on the upper console and the Stabilator/Auto Fiight
Cantrol Panel on the lower console. The flight instrument panel
arrangement is shown cn‘Figure 1.6.

Pilot's Primary Controls

A diagram of the pilot's cyclic stick grip is presented on Figure
2.1. The grip incorporates the following functions of significance:

Stick trim - provides for lateral and longitudinal stick
trim at 1/2"/sec.

Trim release - while depressed the force system is deactivated
leaving a limp stick.

A diagram of the pilot's collective stick grip is presented on
Figure 2.2. A friction device on the pilot's lever can be turned
to adjust the amount of friction and prevent the collective stick
from creeping.

Control Range Characteristics

The control motion, both in terms of control displacement in inches
of travel and angular sweep are presented on Figure 3.1. Also
provided are the corresponding angular outputs at the rotor head.
Control Force Feel Characteristics

The control forces, gradients and breakouts for the primary controls
are give® on Figure 4.1. The values presented were derived from
measurements at the 50% control position.

More detailed information concerning all aspects of the cockpit may
be obtainad from References 6.5.1 through 6.5.4.
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COCKPIT COMPONENT IDENTIFICATION
<

3
3
.
3
2
-
3
g
3
’
F;‘ .

1 unuTr Lewt 8 ASH TRAY 18 no. 1 ENGH ;
2 NO.2 ENGINE FUEL SELECTOR LEVER 9 PEDAL AGJUST LEVER 16 NO. 1 ErCine gﬁﬂzfc?&? Teve
3 NO. 2 ENGINE O1F /4 INE T-HANOLE 10 VENY . 17 FREE-AIR T!’MPFRAHJ.h". GAGE *
; cllo&gstl:g:.gsw'lgl":“ CONTROL LEVER g ';M'/DATA CASE 12 COCKRMT 'LOODUG“I’ éb'.ﬂROL

] ARKING URAKE LEVER 13 UPPER CotisoLs
6 INSTRUMIMT PANLL GLARK S L0 J STANDI H ¢
7 WNSTRULENT PANLL 1 NDBY (MAGNE TIC) COMPASS

14 NQ. 1 CNGINE PowER CONTRQL LEVER

FIGURE 6.1.2(a)
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FIGURE 6.1.2(b)
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BLACK HAWK ANGULAR CONTROL MOTIONS AND DISPLACEMENTS

SER 70452

A2y MYV, §

* High Collective
** Low Collective L
K% Mid Collective
*rk%x  With Cvertravel
****x* -Considers Control Reduction
due to redundant quadrant
4T7
¢ : QUTPUT @
CONTROL-POSITION R(IN.) a (IM) <:§: (DEG) REFERENCE ROTOR
- (DEG)
COLLECTIVE 24.0 _ _ Haorizontal CUFF
Low 0 22.5 Above 9.9
High 10.0 46.55 Abave 25.9
A 10.0 24.05 - 16.0
LONGITUDINAL 20.75 - - Neutral BIS
CYCLIC Cyclic
Forward * - 5.0 13.95 Forward 16.5
Pinned** - 3.89 10.84 Aft -11.0 |
Aft **% - 5.0 13.95 Aft -12.3 :
A - 10.0 27.9 - 28.8
LATERAL CYCLIC 24,80 - - Vertical AIS
Left *=* - 5.0 11.63 Left -8.0
Pinned ** - .96 - 2.24 Left -1.54
Right - 5.0 11.63 Right- 8.0 ;
A - 10.0 23.26 - 16.0 ;4
ek dekk i
PEDAL 15.0 - - Vertical gTRCUFF ;
; i
Laftr*xx - 2.69 10.33 Left 29.9 i
Pinned *** - 0 0 On 15.0 :
Right *%*x - 2.69 10.33 Right 0.1
AT - 5.38 20.66 - 29.8 ‘

FIGURE 6.3.1
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BLACK _HAWK CONTROL FORCES AND GRADIENTS

Srom i
A
Qﬂ AD! E NT Ar
A~ i e ~r
Ma X
5@% QUZ-' \
) F&ICTION 1

. i - q -
| I ms
3 Z
3 S
|
3 DATA DERIVED FROM ATP 27000
3 MAXIMUM NOMINAL | NOMINAL | NOMINAL
3 CONTROL STROKE TRIM OFF TRIM ON TRIM ON | TRIM ON
F FRICTION BREAKOUT* | GRADIENT | Fyay
it : .
. Lateral Cyclic | 10.0 in. | .625 1b. .95 1b. .54 1b/in| 3.65 1b.| ;
. Longi tudinal 10.0 in. | .625 1b. 1.35 1b. .73 1b/in| 5.0 1b. !
E Cyelic ;
: - Pedal 4.92 in. | 4.0 1b. 7.2 1b. 6.5 1b/in | 23.2 1b. ?

(+ Overtravel) (5.38 in) (24.7 1b)

Collective 10.0 in. | .625 1b - - - ’

* Breakout (Trim On) = Detent + Friction (Trim Off) {
A1l Values Measured From 50% Control Position

STGURE 6.4.1 |
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